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(57) Abstract 

Compounds are provided which inhibit microsomal triglyceride transfer protein and thus are useful for lowering serum lipids and 
beating atherasdetosis and related diseases. The compounds have structure (1) or (2) wherein R> to R^ Q, W and X are as defined herein. 
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INHIBITORS OF MICROflOMAL TRIC3r.YCERIDE TRAMflPER 

PROTEIN AND METHOD 

Field of the Invention 

This invention relates to novel compounds 
which inhibit microsomal triglyceride transfer 
protein, and to methods for decreasing senom 
lipids and treating atherosclerosis employing such 
compounds . 

Background of the Inrontion 

The microsomal triglyceride transfer 
protein (MTP) catalyzes the transport of 
triglyceride (TG) , cholesteryl ester (CE) , and 
phosphati<^lcholine (PC) between small unilamellar 
vesicles (SUV) . Wetterau & Zilversmit, Chem. 
Phvs, Lipids 38, 205-22 (1985). When transfer 
rates are e3(pressed as the percent of the donor 
lipid transferred per time, MTP expresses a 
distinct preference for neutral lipid transport 
(TG and CE) , relative to phospholipid transport. 
The protein from bovine liver has been isolated 
and characterized. Wetterau & Zilversmit, Chem. 
Phvs, Lipids la. 205-22 (1985) . Polyacrylamide 
gel electrophoresis (PAGE) analysis of the 
purified protein suggests that the transfer 
protein is a conplex of two subunits of apparent 
molecular weights 58,000 and 88,000, since a 
single band was present ^en purified MTP was 
electro-phoresed under nondenaturing condition, 
while two bands of apparent molecular weights 
58,000 and 88,000 were identified when 
electrophoresis was performed in the presence of 
sodium dodecyl sulfate (SDS) . These two 
polypeptides are hereinafter referred to as 58 kDa 
and 88 kDa, respectively, or the 58 kDa and the 88 
kDa component of MTP, respectively, or the low 



molecular weight subunit and the high molecular 
weight subunit of MTP, respectively. 

Characterization of the 58,000 molecular 
weight component of bovine MTP indicates that it 

5 is the previously characterized multifunctional 
protein, protein disulfide isomerase (PDI) . 
Wetterau et al. . .7. Biol. Chem. 2£S, 9800-7 
(1990) . The presence of PDI in the tremsfer 
protein is supported by evidence showing that (1) 

10 the amino terminal 25 amino acids of the bovine 
58,000 kDa component of MTP is identical to that 
of bovine PDI, and (2) disulfide isomerase 
activity was expressed by bovine MTP following the 
dissociation of the 58 kDa - 88 kDa protein 

15 conplex. In addition, antibodies raised against 
bovine PDI, a protein which by itself has no TG 
transfer activity, were able to immunoprecipitate 
bovine TG transfer activity from a solution 
containing purified bovine MTP. 

20 PDI normally plays a role in the folding 

and ass^nbly of newly synthesized disulfide bonded 
proteins within the lumen of the endoplasmic 
reticulum. Bulleid & Freedman, N^^;uye 31i, 649-51 
(1988) . It catalyzes the proper pairing of 

25 cysteine residues into disulfide bonds, thus 

catalyzing the proper folding of disulfide bonded 
proteins. In addition, PDI has been reported to 
be identical to the beta subunit of human prolyl 
4 -hydroxylase . Koivu et al . . J. Biol. Chem. 2£2* 

30 6447-9 (1987). The role of PDI in the bovine 

transfer protein is not clear. It does appear to 
be an essential component of the transfer protein 
as dissociation of PDI from the 88 kDa component 
of bovine MTP by either low concentrations of a 

35 denaturant (guanidine HCl) , a chao tropic agent 

(sodium perchlorate) , or a nondenaturing detergent 
(octyl glucoside) results in a loss of transfer 
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activity. Wetterau et al. . PAQChemigtfY 211/ 9728- 
35 (1991) . Isolated bovine PDI has no apparent 
lipid transfer activity, suggesting that either 
the 88 kDa polypeptide is the transfer protein or 
5 that it confers transfer activity to the protein 
complex . 

The tissue and subcellular distribution of 
MTP activity in rats has been investigated. 
Wetterau & Zilversmit; Biochem. Bioohys- Acta 875, 

10 610-7 (1986) . Lipid transfer activity was found 
in liver and intestine. Little or no transfer 
activity was found in plasma, brain, heart, or 
kidney. Within the liver, MTP was a soluble 
protein located within the lumen of the microsomal 

15 fraction. Approximately equal concentrations were 
found in the smooth and rough microsomes. 

Abetalipoproteinemia is an autosomal 
recessive disease characterized by a virtual 
absence of plasma lipoproteins which contain 

20 apolipoprotein B (apoB) . Kane & Havel in Th^ 
Metabolic Basis of Inherited Disease. Sixth 
Edition, 1139-64 (1989) . Plasma TG levels may be 
as low as a few mg/dL, and they fail to rise after 
fat ingestion. Plasma cholesterol levels are 

25 often only 20-45 mg/dL. These abnormalities are 
the result of a genetic defect in the assembly 
and/or secretion of very low density lipoproteins 
(VLDL) in the liver and chylomicrons in the 
intestine. The molecular basis for this defect 

30 has not been previously determined. In subjects 
examined, triglyceride, phospholipid, and 
cholesterol synthesis appear normal. At autopsy, 
subjects are free of atherosclerosis. Schaefer Qt 
aLi., Clin. Chem- B9-12 (1988) . A link between 

35 the apoB gene and abetalipoproteinemia has been 
excluded in several families. Talmud et al . . 
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Clin. Invest, £2, 1803-6 (1988) and Huang et al. . 
Am, J, Hum, Genet. 1141-8 (1990) . 

Subjects with abetalipoproteinemia are 
afflicted with niomerous maladies. Kane & Havel, 
5 supra . Subjects have fat malabsorption and TG 

accumulation in their enterocytes and hepatocytes. 
Due to the absence of T6-rich plasma lipoproteins, 
there is a defect in the transport of fat-soluble 
vitamins such as vitamin £. This results in 

10 acanthocytosis of erythrocytes, spinocerebellar 
ataxia with degeneration of the fasciculus 
cuneatus and gracilis, peripheral neuropathy, 
degenerative pigmentary retinopathy, and ceroid 
myopathy. Treatment of abetalipoproteinemlc 

15 subjects includes dietcury restriction of fat 

inta)ce and dietary supplementation with vitamins 
A, £ and K. 

In vitro , MTP catalyzes the transport of 

lipid molecules between phospholipid membranes. 
20 'Presumably, it plays a similar role in vi^vo . and 

thus plays some role in lipid metabolism. The 
subcellular (lumen of the microsomal fraction) aind 
tissue distribution (liver and intestine) of MTP 
have led to speculation that it plays a role in 
25 the assembly of plasma lipoproteins, as these are 
the sites of plasma lipoprotein assembly. 
Wetterau & Zilversmit, Bioch«n. Biophys. Acta 875 . 

610-7 (1986). The ability of MTP to catalyze the 
transport of TG between membranes is consistent 

30 with this hypothesis, and suggests that MTP may 
catalyze the transport of TG from its site of 
synthesis in the endoplasmic reticulum (ER) 
membrane to nascent lipoprotein particles within 
the lumen of the ER. 

35 Olofsson and colleagues have studied 

lipoprotein assembly in HepG2 cells. Bostrom et 
aJL., J. Biol. Chem, 263. 4434-42 (1988). Their 

-4- 



wo PCT/US97/07603 

results suggest small precursor lipoproteins 
become larger with time. This would be consistent 
with the addition or transfer of lipid molecules 
to nascent lipoproteins as they are assembled. 
5 MTP may play a role in this process. In support 
of this hypothesis, Howell and Palade, J. Cell 
Biol. 9? . 833-45 (1982), isolated nascent 
lipoproteins from the hepatic Golgi fraction of 
rat liver. There was a spectrum of sizes of 
10 particles present with varying lipid and protein 
compositions. Particles of high density 
lipoprotein (HDL) density, yet containing apoB, 
were found. Higgins and Hutson, J. Lipid Res. 2i# 

1295-1305 (1984), reported lipoproteins isolated 
15 from Golgi were consistently larger than those 
from the endoplasmic reticulum, again suggesting 
the assembly of lipoproteins is a progressive 
event. 

Recent reports (Science, Vol. 258, page 

20 999, 1992; D. Sharp et. al.. Nature, Vol. 365, 

page 65, 1993) demonstrate that the defect causing 
abetalipdproteinemia is in the MTP gene, and as a 
result, the MTP protein, individuals with 
abetalipoproteinemia have no MTP activity, as a 

25 result of mutations in the MTP gene, some of which 
have been characterized. These results indicate 
that IfTP is required for the synthesis of apoB 
containing lipoproteins, such as VLDL, the 
precursor to LDL. It therefore follows that 

30 inhibitors of MTP would inhibit the synthesis of 
VLDL and LDL, thereby lowering VLDL levels, LDL 
levels, cholesterol levels, and triglyceride 
levels in animals and man. 

Canadian Patent Application No. 2,091,102 

35 published March 2, 1994 (corresponding to U.S. 

application Serial No. 117,362, filed September 3, 
1993 (file DC21b) ) reports MTP inhibitors which 
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also block the production of apoB containing 
lipoproteins in a human hepatic cell line (HepG2 
cells) . This provides further support for the 
proposal that an MTP inhibitor would lower apoB 
containing lipoprotein and lipid levels in vivo* 
This Canadian patent application discloses a 
method for identifying the MTP inhibitors 




10 which has the name 2-[l-{3, 3-diphenylpropyl) 
piper idinyl ] -2 , 3 -dihydro-3-oxo-lIi-isoindole 

hydrochloride and 



-4- 




0CH3 

15 which has the name 1- (3- (6-f luoro-1- 

tetralanyl ) methyl ] -4-0-methoxyphenyl piperazine 

EP 0643057A1 published March 15, 1995, 
discloses MTP inhibitors of the structure 



20 



or 



II 
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L 'ill 



and R^^ are independently hydrogen, alkyl, 
alkenyl, alkynyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl , cycloalkyl, or cycloalkylalkyl; 

Y is -(CBa)»- or — C— 
10 o 

where m is 2 or 3; 

is alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, arylalk/l (wherein alkyl has at least 
2 carbons), diarylalkyl, arylalkenyl, diaryl- 

15 alkenyl, cirylalkynyl , diarylalkynyl , diarylalkyl- 
aryl, heteroarylalkyl (wherein alkyl has at least 
2 carbons), cycloalkyl, or cycloalkylalkyl 
(wherein alkyl has at least 2 carbons) ; all of the 
aforementioned R^ groups being optionally 

20 siabstituted through available carbon atoms with 1, 
2, or 3 groups selected from halo, haloalkyl, 
alkyl, alkenyl, alkoxy, aryloxy, aryl, arylalkyl, 
alkylxnercapto, arylmercapto, cycloalkyl, cyclo- 
alkylalkyl, heteroaryl, fluorenyl, heteroaryl- 

25 alkyl, hydro3Qr or oxo; or 

r1 is a group of the structure 
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R^l is a bond, aDcylene, alkenylene or 
alkynylene of up to 6 carbon atoms, arylene (for 
example 

) 



5 or mixed arylene-allQrlene (for example 

where n is 1 to 6; 

r12 is hydrogen, al]qrl, alkenyl, aryl, 
heteroaryl, haloalkyl, arylalkyl, arylalkenyl, 
10 cycloalkyl, aryloxy, alkoxy, arylalkoxy, 
heteroarylalkyl or cycloalkylalkyl ; 

Z is a bond, 0, S, N-alkyl, N-aryl, or 
alkylene or alkenylene of from 1 to 5 carbon 
atoms ; 

15 R^-^i R^*, R^^, and R^^ sure independently 

hydrogen, alkyl, halo, haloalkyl, aryl, 
cycloalkyl, cycloheteroalkyl, alkenyl, alkynyl, 
hydroxy, alkoxy, nitro, amino, thio, 
alkylsulfonyl, arylsulfonyl, alkyl thio, aryl thio, 

20 carbosQT, aminbcarbony 1 , alkylcarbonyloxy, 
alky Icarbonylamino , arylalkyl , heteroaryl , 
heteroarylalkyl, or aryloxy; 
or R^ is 

25 wherein p is 1 to 8 and R^'' and R^^ are each 

independently H, allqrl, alkenyl, aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, cycloaD^l or 
cycloalkylalkyl, at least one of R^*^ and R^^ being 
other than H; 

30 or r1 is 

R" 

— R"— 

R" 

wherein R^^ is aryl or heteroaryl; 
r20 is aryl or heteroaryl; 

-8- 
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r21 is H, alkyl, aryl, alkylaryl, 
arylalkyl, aryloxy, arylalkoxy, heteroaryl, 
heteroarylalkyl , heteroarylalkoxy , cycloalkyl , 
cycloalkylalkyl or cycloall^lalkoxy; 
5 r2, r3, r4 are independently hydrogen, 

halo, alkyl, haloalkyl, alkenyl, alkoxy, aryloxy, 
aryl, arylalkyl, alkylmercapto, arylmer capto / 
cycloalkyl , cycloalkylalkyl , heteroaryl , 
heteroarylalkyl, hydroxy or haloalkyl; 

10 rS is alkyl of at least 2 carbons, alkenyl, 

alkynyl, aryl, heteroaryl, axylalkyl, heteroaryl- 
alkyl, cycloallqrl, cycloalkylalkyl, polycyclo- 
alkyl , polycycloalkylalkyl , cycloalkenyl , 
cycloalkenylallQrl , polycycloalkenyl , polycyclo- 

15 alkenylalkyl, heteroarylcarbonyl , all of the R^ 
and R^ substituents being optionally substituted 
through available carbon atoms with 1, 2, or 3 
groups selected from hydrogen, halo, alkyl, 
haloallQrl, alkoxy, haloalkoxy, alkenyl, alkynyl, 

20 cycloalkyl, cycloalkylalkyl, cycloheteroalkyl , 
cycloheteroalkylalkyl , aryl , heteroaryl , 
arylalkyl , arylcycloalkyl , arylalkynyl , aryloxy , 
aryloxyalkyl, aryl-alkoxy, arylazo, heteroaryloxo, 
heteroarylalkyl , heteroarylalkenyl , he teroasryloxy , 

25 hydroxy, nit ro, cyano, amino, substituted amino 
(wherein the amino includes 1 or 2 substituents 
which are alkyl, or aryl or any of the other aryl 
compounds mentioned in the definitions), thiol, 
allqrlthio, arylthio, heteroaryl thio, arylthio- 

30 alkyl, alky Icarbonyl , ary Icarbonyl , arylamino- 

carbony 1 , alkoxycarbonyl , aminocarbony 1 , alkynyl - 
aminocarbony 1 , alkylaminocarbonyl , alkenylamino- 
carbonyl , alkylcarbonyloxy , arylcarbonyloxy , 
alkylcarbonylamlno , arylcarbonylamino , 

35 arylsulf inyl, arylsulfinylal]c/l, arylsulfonyl, 

alkylsulfonyl, arylsulf onylamino; with the proviso 
that when R^ is CH3, r6 is not H; and where R^ is 

•9- 
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phenyl, the phenyl preferably includes an ortho 
hydrophobic substituent such as alkyl, haloalkyl, 
aryl, aryloxy or arylalkyl; 

r6 is hydrogen or C1-C4 alkyl or C1-C4 
5 alkenyl ; 

r'' is alkyl, aryl or arylalkyl wherein 
alkyl or the alkyl portion is optionally 
substituted with 0x0; and 

including pharniaceutically acceptable salts 
10 and euiions thereof* 

In the formula I compounds, where X is CH2 
and r2 , r3 and R* are each H, R^ will be other 
than 3, 3-diphenylpropyl, 

In the formula III compounds, where one of 
15 r2, r3 and R^ is 6-fluoro, and the others are H, 
r7 will be other than 4-0-methoxyphenyl . 

U.S. Application Serial No. 472,067, filed 
. June 6, 1995 (file DC21e) discloses coznpounds of 
the structure 
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10 



20 



0 0 

where Q is — c— or — s— 

II 

o 



XisiCHR^ —O— ,-CH— CH- or -C=C-; 

O |,» Rio R« R« 



R^, r9 and rIO kre independently hydrogen, alkyl, 
alkenyl, alkynyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl, cycloalkyl, or cycloalkylalkyl ; 



Y is -<CHa)ai- or — C — 

o 



wherein m is 2 or 3; 
r1 is alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, arylalkyl wherein alkyl has at least 2 
15 carbons, diary lallqrl , arylalkenyl, diary lalkenyl, 
arylalkynyl, diarylalJqoiyl , diarylalkylaryl , 
heteroarylalkyl wherein alkyl has at least 2 
carbons, cycloalkyl, or cycloalkylalkyl wherein 
alkyl has at least 2 carbons, all optionally 
substituted through available carbon atoms with 1, 
2, 3 or 4 groups selected from halo, haloalkyl, 
alkyl, alkenyl, alkoxy, aryloxy, aryl, arylalkyl, 
allqrimercapto, ary Imercapto , cycloallqrl, cyclo- 
alkylalJQrl, heteroaryl, fluorenyl, 
25 heteroarylallqrl , hydro:Qr or oxo; 

or r1 is a fluorenyl -type group of the 
structure 
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»16 



lis 




1 



or 




; or 



r1 is an indenyl-type group of the 



structure 



10 




" ^isi (CHa), 
(as2,3or4) 




- R"- Z\ 

Ri" (CHa). 



or 



or 



|13 



-R"-Z' 



R«- Z» 





or 



• 

I 



15 



and z2 are the same or different and are 
independently a bond, O, S, 



0 10)2 o (dxyi o 



H 

C— , -C— or -C— 
*6 OH 



12 
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with the proviso that with respect to a, at least 
one of and will be other than a bond; R^^ is 
a bond/ alkylene, alkenylene or alkynylene of up 
to 10 carbon atoms; arylene or mixed arylene- 
5 alkylene; is hydrogen, alkyl, alkenyl, aryl, 

haloalkyl , trihaloalkyl , trihaloalkylalkyl , 
heteroaryl , heteroarylalkyl , arylalkyl , 
arylalkenyl, cycloalkyl, aryloxy, alkoxy, 
arylalkox/ or cycloalkylalkyl, with the provisos 
10 that 

(1) when r12 is h, aryloxy, alkoxy or 

— NH-C— N C— — c— 

arylalkoxy, then z2 is O alkyi O • o 

or a bond and 

(2) when z2 is a bond, Ri2 cannot be 
15 heteroaryl or heteroarylalkyl; 

Z is bond, O, S, N-alkyl, N-aryl, or 
alkylene or alkenylene from 1 to 5 carbon atoms; 
R^3^ r14^ r15^ and R^^ are independently hydrogen, 
alkyl, halo, haloalkyl, aryl, cycloalkyl, cyclo- 

20 heteroalkyl, alkenyl, alkynyl, hydroxy, alkoxy, 
nitro, amino, thio, alkylsulfonyl, arylsulfonyl, 
alkyl thio, eorylthio, aminocarbonyl , alkylcarbon- 
yloxy, arylcarbonylamino, alkylcarbonylamino, 
arylalkyl, heteroaryl, heteroarylalkyl or aryloxy; 

25 Rl5a and R^^^ are independently hydrogen, 

alkyl, halo, haloalkyl, aryl, cycloallQrl, cyclo- 
heteroalkyl, alkenyl, alkynyl, alko^^, alkyl- 
sulfonyl, arylsulfonyl, alkylthio, arylthio, 
aminocarbonyl , alkylcarbony loxy , arylcarbonyl- 

30 amino, alkylcarbonylamino, arylalkyl, heteroaryl, 
heteroarylall^l , or aryloxy; 

or R^ is a group of the structure 

35 wherein p is 1 to 8 and R^'^ and R^^ are each 

independently H, alkyl, alkenyl, aryl, arylalkyl, 

-13- 
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heteroaryl, heteroarylalkyl , cycloalkyl or 
cycloalkylalkyl at least one of R^*^ and R^^ being 

other than H; 

or R^ is a group of the structure 

5 

— R" < 

wherein R^^ is aryl or heteroaryl; . 
r20 is aryl or heteroaryl; 
r21 is H, alkyl, aryl, alkylaryl, 

10 arylalkyl, aryloxy, arylalkoxy, heteroaryl, 

heteroarylalkyl, heteroarylalkoxy, cycloalkyl, 
cycloalkylalkyl or cycloalkylalkoxy; 

r2, r3, r4 are independently hydrogen, 
halo, alkyl, alkenyl, alkoxy, aryloxy, aryl, 

15 arylalkyl, alkylmercapto , arylmercapto , 
cycloalkyl , cycloalkylalkyl , heteroaryl , 
heteroarylalkyl, hydroxy or haloalkyl; 

r5 is independently alkyl, alkenyl, 
alkynyl, aryl, alkoxy, aryloxy, arylalkos^r, 

20 heteroaryl, arylalkyl, heteroarylalkyl, 

cycloalkyl, cycloalkylalkyl, polycycloalkyl, 
polycycloalkylalkyl , cycloalkenyl , cyclohetero- 
alkyl, heteroaryloxy, cycloalkenylalkyl , 
polycycloalkenyl, polycycloalkenylalkyl, 

25 heteroarylcarbony 1 , amino, alkylamino, arylamino, 
heteroary lamino , cycloalkyloxy , cycloalkylamino , 
all optionally substituted through available 
carbon atoms with 1, 2, 3 or 4 groups selected 
from hydrogen, halo, alkyl, haloalkyl, alkoxy, 

30 haloalkoxy, alkenyl, alkynyl, cycloalkyl, 

cycloalkylalkyl, cycloheteroalkyl , cyclohetero- 
alkylalkyl, aryl, heteroaryl, arylalkyl, 
arylcycloalkyl , arylalkenyl, arylalkynyl, aryloxy, 
aryloxyalkyl , arylalkoxy, arylazo, heteroaryloxo, 

35 heteroeurylalkyl , heteroarylalkeny 1 , heteroaryloxy, 
hydroxy, nitro, cyano, amino, substituted amino, 

-14- 
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thiol, alkylthio, arylthio, heteroarylthio, 
arylthioalkyl , alkylcarbonyl , arylcarbony 1 , 
arylaminocarbony 1 , alkoxycarbonyl , aiuinocarbonyl , 
alkynylaminocarbonyl , alkylaminocarbonyl , alkenyl^ 
5 aminocarbonyl , alkylcarbonyloxy, arylcarbony lose/, 
alky Icarbonylamino , arylcarbonylamino , aryl sul - 
finyl, arylsulf inylalkyl, arylsulf onyl, alkylsul- 
f onyl , aryl sulfonyl amino , heteroarylcarbonylamino , 
heteroarylsulf inyl , heteroairylthio, heteroaryl- 

10 sulfonyl, alkylsulf inyl; 

r6 is hydrogen or C1-C4 all^rl or C1-C4 
alkenyl; all optionally sxibstituted with 1, 2, 3 
or 4 groups which may independently be any of the 
substituents listed in the definition of set 

15 out above; 

r'^ is alkyl, aryl or arylalkyl wherein 
alkyl by itself or as part of arylalkyl is 

optionally substituted with 0x0 ^ " ^ ; 

are the same or different and are independently 
selected from heteroaryl containing 5- or 6 -ring 
members ; and 

o 

N-oxides ^ thereof; and 
25 pharmaceutically acceptable salts thereof; 

with the provisos that where in the first 
formula X is CH2, and r2, r3 and R^ are each H, 

then r1 will be other than 3 , 3 -diphenylpropy 1 , and 
in the fifth formula, where one of R^, r3 and R^ 
30 is 6-fluoro, and the others are H, R*' will be 
other than 4- (2-methoxyphenyl) . 
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25 



U.S. application Serial No. 548,811 filed 
January 11, 1996 (file DC21h) , discloses compounds 
having the structure 




o 

II H 

C-II-CH2-CF3 ^ 
(CHa )x- N^"*^ N- C- r5 



including the piperidine N-oxide thereof or a 
pharmaceutically acceptable salt thereof, wherein 
Z is a bond, O or S; 

and x2 are independently selected from H 

10 or halo; 

X is an integer from 2 to 6; 
r5 is heteroaryl, aryl, heterocycloallcyl or 
cycloalkyl, each group being optionally 
substituted with 1, 2, 3 or 4 substituents which 
15 may be the same or different. 

gtupmnyy of the Invention 

In accordance with the present invention, 
novel compounds are provided which are inhibitors 
20 of MTP and have the structure 




or 



H-R' 



IZ 



w 



o o 

II 

where Q is — c— or — s— ; 

o 

W is H,H or O; 
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X is: CHR8, - C— , -CH- CH. or -C= C- ; 

O 1,10 R^° 

rS, r9 and R^^ are independently hydrogen, alkyl, 
alkenyl, alkynyl, aryl, arylalkyl, heteroaryl, 
5 heteroarylalkyl, cycloalkyl, or cycloalkylalkyl ; 

R^ is alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, arylallcyl (wherein alkyl preferably 
has at least 2 carbons, more preferably at least 3 
carbons), diarylalkyl, arylalkenyl, diary lalkenyl, 

10 arylalkynyl, diary lalkynyl , diarylalky laryl , 

heteroarylalkyl (wherein alkyl preferably has at 
least 2 carbons, more preferably at least 3 
carbons), cycloalkyl, or cycloalkylalkyl (wherein 
alkyl preferably has at least 2 carbons, more 

15 preferably at least 3 carbons) ; all of the 
aforementioned R^ groups being optionally 
substituted through available carbon atoms with 1, 
2, 3 or 4 groups selected from halo, haloalkyl, 
alkyl, alkenyl, alko^Vr aryloxy, aryl, arylalkyl, 

20 al)cylmercapto, ary Imercapto , cycloalkyl, 
cycloalkylalkyl, heteroaryl, fluorenyl, 
heteroarylall^l , hydro3<y or oxo; or 

r1 is a fluorenyl -type group of the 
structure 

25 




-17- 



wo 97/43257 



PCTAJ$97/07603 



or 




; or 



r1 is an indenyl-type group of the 
structure 




16a 



(as2,3or4) 



or 



11 




or 



10 



15 



»ie« 



or 




R™ (CHj). 

and are the same or different and are 
independently a bond, O, S, 



o {0)2 o 



N C— 

I ti 

alkyi O 



II 
0 



H 

or — C— 



f2 O uiKfi u u OH 

with the proviso that with respect to fi, at least 
one of and Z^ will be other than a bond; 

r11 is a bond, alkylene, alkenylene or 
allqmylene of up to 10 carbon atoms, arylene (for 



or mixed arylene-aDo^lene (for exeunple 
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(CH2)„- ) 



where n is 1 to 6; 

r12 is hydrogen, alkyl, alkenyl, aryl, halo- 

alkyl, trihaloalkyl, trihaloalkylalkyl, hetero- 

5 aryl, heteroarylalkyl , arylalkyl, arylalkenyl, 

cycloalkyl, aryloxy, alkoxy, arylalko^Q^ or 

cycloalkylalkyl; with the provisos that (1) when 

is aryloxy, alkoxy or arylalkos^, then is 
-NH-C- . -N C- -C- 

10 and (2) when is a bond, Ri2 cannot be 

heteroaryl or heteroarylalkyl ; 

Z is a bond, 0, S, N-alkyl, N-aryl, or 
alkylene or alkenylene of from 1 to 5 carbon 
atoms ; 

15 r13^ r14^ r15^ and R^^ are independently 

hydrogen, alk/l, halo, haloallcyl, aryl, cyclo- 
alkyl, cycloheteroalkyl , alkenyl, alkynyl, 
hydroxy, alkoxy, nitro, amino, thio, alkylsul- 
f onyl , arylsulf onyl , alkyl thio , aryl thio , 

20 aminocarbonyl , alkylcarbonyloxy, arylcarbonyl- 

amino , alky Icarbony lamino , arylalkyl , heteroaryl , 
heteroarylalkyl, or aryloxy; 

R^Sa and R^^* are independently any of the 
R^5 r16 groups except hydroxy, nitro, amino or 

25 thio ; 

or R^ is 

(CHa)p— < 

R" 

wherein p is 1 to 8 and R^'' and R^® are each 
independently H, alkyl, alkenyl, aryl, arylalkyl, 
30 heteroaryl, heteroarylalkyl, cycloalkyl or 

cycloall^lalkyl, at least one of R^*^ and R^^ being 
other than H; 

or R^ is 
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_ni9 / 

wherein R^^ is aryl or heteroaryl; 
r20 is aryl or heteroaryl; 

r21 is H, alkyl, aryl, alkylaryl, arylalkyl, 
5 aryloxy, arylalkoxy, heteroaryl, heteroarylalkyl , 
heteroarylalkoxy, cycloalkyl, cycloalkylalkyl or 
cycloalkylalkoxy; 

R^r are independently hydrogen, halo, 
. alkyl, alkenyl, alkoxy, aryloxy, aryl, arylalkyl, 

1 0 al)^lmercap to , ary Imer capto , eye loalky 1 , 

cycloalkylalkyl, heteroaryl, heteroarylalkyl, 
hydroxy or haloalkyl; 

rS is alkyl , alkenyl, alkynyl, aryl, 
alkoxy, aryloxy, arylalkoxy, heteroaryl, aryl- 

15 alkyl, heteroarylalkyl, cycloalkyl, cyclohetero- 
alkyl, heteroaryloxy, cycloalkylalkyl, polycyclo- 
alkyl, polycyc loalky lalkyl, cycloalkenyl, eyclo- 
alkenylalky 1 , polycyeloalkenyl , polycycloalkenyl- 
alkyl, heteroarylcarbonyl , amino, alkylamino, 

20 arylamino, heteroarylamino, eye loalky loxy, cyclo- 
alkylaniino, all of the siabstituents and R^ 
substituents (set out hereinafter) being 
optionally substituted through available carbon 
atoms with 1, 2, 3 or 4 groups selected from 

25 hydrogen, halo, alkyl, haloalkyl, alkoxy, 
haloalkoxy, alkenyl, alkynyl, cycloalkyl, 
eye loalky lall^l , cycloheteroalkyl , cyclohetero- 
alkylalkyl, aryl, heteroaryl, arylalkyl, 
ary Icyc loalky 1, arylalkenyl, arylalkynyl, aryloxy, 

30 arylo3valkyl , arylalkoxy, arylazo, heteroaryloxo , 
heteroarylall^l , heteroarylalkeny 1 , heteroaryloxy, 
hydroxy, nitre, cyano, amino, substituted amino 
(wherein the amino includes 1 or 2 substituents 
which are alkyl, aryl or heteroaryl, or any of the 

35 other aryl compounds mentioned in the 

definitions), thiol, alkylthio, arylthio, 

-20- 



heteroarylthio, arylthioalkyl, alkylcarbonyl , 
arylcarbonyl / arylaminocarbonyl , alkoacycarbonyl , 
aminocarbonyl , alkynylaminocarbonyl , alkylamino- 
carbonyl , alkenylaminocarbonyl , alkylcarbonyloxy , 
arylcarbonyloxy, alky Icarbonyl amino, ary Icarbony 1 - 
amino, arylsulfinyl, arylsulfinylalkyl, aryl- 
sulfonyl , allqrlsulf onyl , arylsulf onylamino, 
heteroarylcarbonylamino , heteroary Isulf inyl , 
heteroarylthio, heteroarylsulf onyl , or 
alky Isulf inyl. Where r5 is phenyl, aryl, 
heterocuryl or cycloalkyl; this group preferably 
includes an ortho hydrophobic substituent such as 
alkyl, haloalkyl (with up to 5 halo groups), 
alkoxy, haloalkoxy (with up to 5 halo groups) , 
aryl, aryloxy or arylalkyl; 

is hydrogen or C1-C4 alkyl or C1-C4 

alkenyl ; 




are the same or different and are independently 
selected from heteroary 1 containing 5- or 6 -ring 
members ; and 

including N-oxides of the formulae I and II 
compounds, that is 




including pharmaceutical ly acceptable salts 
thereof such as alkali metal salts such as lithium 
sodium or potassiiim, alkaline earth metal salts 
such as calcium or magnesium, as well as zinc or 
alximinimi cuid other cations such as ammonium, 
choline, diethanolamine , ethylenediamine, t-butyl- 
amine, t-octylamine, dehydroabietylamine, as well 
as phazmaceutically acceptable anions such as 
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chloride, bromide, iodide, tartrate, acetate, 
methanesulfonate, maleate, succinate, glutarate, 
and salts of naturally occurring amino acids such 
as arginine, lysine, alanine and the like, and 
5 prodrug esters thereof. 

In the formula I conqpounds, where X is CH2 
and r2 , r3 and are each H, R^ will preferably 
be other than 3, 3-diphenylpropyl, 

Thus, the compounds of formulae I and II of 
10 the invention enconpass compounds of the structure 



15 
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It will be understood that the pyrrolidinyl 
ring shown in the above formulas depicting 
compounds of the invention as well as in starting 
5 materials and intermediates shown in the Reaction 
Schemes to follow can be in racemic form or are R- 
or S-enantiomers. 

In addition, in accordance with the present 
invention, a method for preventing, inhibiting or 

10 treating atherosclerosis, pancreatitis or obesity 
is provided, wherein a compound of formula I or II 
as defined hereinbefore is administered in an 
amount which decreases the activity of microsomal 
triglyceride transfer protein* 

15 Furthermore, in accordance with the present 

invention, a method is provided for lowering serum 
lipid levels, cholesterol and/ or triglycerides , or 
inhibiting and/or treating hyperlipemia, hyper- 
lipidemia , hyperlipoproteinemia , hypercholes- 

20 terolemia and/or hypertriglyceridemia, wherein a 
compound of formula I or II is administered in an 
amoimt which decreases the activity of microsomal 
triglyceride transfer protein. 

25 Detailed Degcription of the Invontion 

The following definitions apply to the 
terms as used throughout this specification, 
unless otherwise limited in specific instances. 

The term "MTP" refers to a polypeptide or 
30 protein complex, that (1) if obtained from an 
organism (e. g., cows, hiunans, etc , ) . can be 

isolated from the microsomal fraction of 
homogenized tissue; and (2) stimulates the 
transport of triglycerides, cholesterol esters, or 
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phospholipids from synthetic phospholipid 
vesicles, membranes or lipoproteins to synthetic 
vesicles, membranes, or lipoproteins and which is 
distinct from the cholesterol ester transfer 
5 protein [Drayna et al. . Nature 127, 632-634 

(1987)] which may have similar catalytic 
properties. However, the MTP molecules of the 
present invention do not necessarily need to be 
catalytically active. For example, catalytically 

10 inactive MTP or fragments thereof may be useful in 
raising antibodies to the protein. 

The phrase "stabilizing" atherosclerosis as 
used in the present application refers to slowing 
down the development of and/or inhibiting the 

15 formation of new atherosclerotic lesions. 

The phrase ''causing the regression of" 
atherosclerosis as used in the present application 
refers to reducing and/or eliminating 
atherosclerotic lesions . 

20 Unless otherwise indicated, the term lower 

allcyl", "alkyl" or "alk" as employed herein alone 
or as part of another group includes both straight 
and branched chain hydrocarbons, containing 1 to 
40 carbons, preferably 1 to 20 carbons, more 

25 preferably 1 to 12 carbons, in the normal chain, 
such as methyl, ethyl, propyl, isopropyl, butyl, 
t -butyl, isobutyl, pentyl, hexyl, isohe^^l, 
hep ty 1 , 4,4 -dime thy Ipentyl , oc ty 1 , 2,2,4- 
trimethylpentyl , nonyl, decyl, undecyl, dodecyl, 

30 the various branched chain isomers thereof, and 
the like as well as such groups including 1 to 4 
substituents such as halo, for example F, Br, CI 
or I or CF3, alkoxy, aryl, aryloxy, aryl(aryl) or 

diaryl, arylalkyl, arylalkyloxy, alkenyl, 
35 cycloallQ^l, cycloalkylalkyl, cycloalkylalkyloxy, 

* 

amino, hydroxy, acyl, heteroaryl, heteroaryloxy, 
heteroarylall^l , heteroarylalkoxy, aryloxyalky 1 , 
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aryloxyaryl, alkylamido, alkanoylamino, 
arylcarbony lamino , nitro, cyano, thiol, haloalkyl, 
trihaloalkyl and/or alkylthio, as well as any of 
the other substltuents as defined for and R^. 
5 Unless otherwise indicated, the term 

**cycloallcyl'* as employed herein alone or as part 
of another group includes saturated or partially 
unsaturated (containing 1 or 2 double bonds) 
cyclic hydrocarbon groups containing 1 to 3 rings, 

10 including monocyclicalkyl, bicyclicalkyl and 
tricyclicalkyl, containing a total of 3 to 20 
carbons forming the rings, preferably 4 to 12 
carbons, forming the ring and which may be fused 
to 1 or 2 aromatic rings as described for aryl, 

15 which include cyclopropyl, cyclobutyl, 

cyclopentyl , cyclohexyl , cycloheptyl , cyclooc tyl , 
cyclodecyl and cyclododecyl, cyclohexenyl, 

^ ■ ^ . ^ . 00 , 

20 any of which groups may be optionally s\ibstituted 
with 1 to 4 substituents such as halogen, alkyl, 
alkoxy, hydroxy, aryl, aryloxy, arylalkyl, 
cycloalkyl, alkylamido, alkeuioylamino , oxo, acyl, 
arylcarbonylamino, amino, nitro, cyeuio, thiol 

25 and/ or alkyl thio, as well as any of the other 
svibstituents as defined for R^ or R^. 

The term " cycloalkenyl " as employed herein 
alone or as part of another group refers to cyclic 
hydrocarbons containing 5 to 20 carbons, 

30 preferably 6 to 12 carbons and 1 or 2 double 
bonds. Exemplary cycloalkenyl groups include 
cyclopen teny 1 , eye lohexeny 1 , cyclohep teny 1 , 
cyclooctenyl , cyclohexadienyl , and cyclohepta- 
dienyl, which may be optionally substituted as 

35 defined for cycloalkyl. 
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The term "polycycloalkyl" as employed 
herein alone or as part of another group refers to 
a bridged multicyclic group containing 5 to 20 
carbons and containing 0 to 3 bridges, preferably 
5 6 to 12 carbons and 1 or 2 bridges. Exemplary 
polycycloalkyl groups include [3 ,3 . 0] -bicyclo- 
octanyl , adamantanyl , [2.2.1] -bicycloheptanyl , 
[2.2.2]-bicyclooctanyl and the like and may be 
optionally substituted as defined for cycloalkyl. 

10 The term "polycycloalkenyl" as employed 

herein alone or as part of cuiother group refers to 
a bridged multicyclic group containing 5 to 20 
carbons and containing 0 to 3 bridges and 
containing 1 or 2 double bonds « preferably 6 to 12 

15 carbons and 1 or 2 bridges. Exemplary polycyclo- 
alkyl groups include [3.3.0] -bicyclooctenyl , 
[2.2.11 -bicycloheptenyl , [2.2.2] -bicyclooctenyl 
and the like and may l^e optionally substituted as 
defined for cycloallcyl. 

20 The term "aryl" or "Ar" as employed herein 

alone or as part of another group refers to 
monocyclic and bicyclic aromatic groups containing 
6 to 10 carbons in the ring portion (such as 
phenyl or naphthyl) and may optionally include one 

25 to tliree additional rings fused to Ar (such as 
aryl, cycloallcyl, heterocuryl or cycloheteroalkyl 
rings) and may be optionally substituted tlurough 
available carbon atoms with 1, 2, 3 or 4 groups 
selected from hydrogen, halo, haloalkyl, alkyl, 

30 haloall^l, alkoxy, haloalkoxy, allcenyl, trifluoro- 
methyl, trifluoromethoxy, allcynyl, cycloall^rl- 
allcyl , cycloheteroalkyl , cycloheteroalkylalkyl , 
aryl, heteroaryl, arylalkyl, aryloj^r, aryloxy- 
alkyl, arylalkoxy, arylthio, arylazo, hetero- 

35 arylallcyl, heteroarylalkeny 1 , heteroarylhetero- 
aryl, heteroary loxy , hydroxy, nitro, cyano, amino, 
substituted amino wherein the amino includes 1 or 
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2 substituents (which are alkyl , aryl or any of 
the other aryl compounds mentioned in the 
definitions), thiol, alkylthio, arylthio, 
heteroarylthio , arylthioalkyl , alkoxyaryl thio, 
5 alky Icarbonyl , eurylcarbonyl , alkylaminocarbonyl , 
arylaminocarbonyl , alkoxycarbonyl , aminocarbonyl , 
alky Icarbonyloxy , arylcarbonyloxy , alkylcarbonyl - 
amino, arylcarbonylamino, arylsulf inyl, arylsul- 
finylallQ^l, arylsulf onylamino or arylsulfonamino- 

10 carbonyl, or any of the substituents as defined 
for the r5 or groups set out above . 

The term "aralkyl", "aryl-alkyl" or 
"aryllower alkyl" as used herein alone or as part 
of another group refers to allq^l groups as 

15 discussed above having an aryl substituent, such 
as benzyl or phenethyl, or naphthy Ipropy 1 , or an 
aryl as defined above. 

The term "lower alkoxy", ''alkoxy", 
"arylo3Qr" or "aralkoxy" as employed herein alone 

20 or as part of another group includes any of the 
above alkyl , aralkyl or aryl groups linked to an 
oxygen atom. 

The term "amino** as employed herein alone 
or as part of another group may optionally be 

25 substituted with one or two substituents such as 
alkyl and/ or aryl. 

The term "lower allq^lthio", aD^rlthio", 
"arylthio" or "aralkyl thio" as employed herein 
alone or as part of another group includes any of 

30 the above allQrl, aralkyl or aryl groups linked to 
a sulfur atom. 

The term "lower alkylamino , "alkylamino" , 
"arylamino", or " ary lalky lamino as enployed . 
herein alone or as part of another group includes 

35 any of the above all^l, aryl or arylalkyl groups 
linked to a nitrogen atom. 
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The term "acyl" as employed herein by 
itself or part of another group as defined herein, 
refers to an organic radical linked to a carbonyl 

( ^) 

^ C ' group, examples of acyl groups include 
5 alkanoyl, alkenoyl, aroyl, aralkanoyl, 
heteroaroyl, cycloalkanoyl and the like. 

The term "alkanoyl" as used herein alone or 
as part of another group refers to alkyl linked to 
a carbonyl group. 

10 Unless otherwise indicated, the term "lower 

alkenyl" or "alkenyl" as used herein by itself or 
as part of another group refers to straight or 
bremched chain radicals of 2 to 20 carbons, 
preferably 3 to 12 carbons, and more preferably 1 

15 to 8 carbons in the normal chain, \idiich include 
one to six double bonds in the normal chain, such 
as vinyl, 2-propenyl, 3-butenyl, 2-butenyl, 4- 
pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 2- 
heptenyl, 3-heptenyl, 4-heptenyl, 3-octenyl, 3- 

20 nonenyl, 4-decenyl, 3-undecenyl, 4-dodecehyl, 

4, 8, 12-tetradecatrienyl, and the like, and which 
may be optionally substituted with 1 to 4 
substituents, namely, halogen, haloalkyl, alkyl, 
alkoxy, alkenyl, alkynyl, aryl, arylalkyl, cyclo- 

25 alkyl, amino, hydro3Q^, heteroaryl, cyclohetero- 
alkyl, alkanoylamino , alkylamido, arylcarbonyl- 
amino, nitro, cyano, thiol and/or alkylthio, as 
well as any of the other substituents as defined 
for r5 or R^. 

30 Unless otherwise indicated, the term "lower 

alkynyl" or "alkynyl** as used herein by itself or 
as part of another group refers to straight or 
branched chain radicals of 2 to 20 carbons, 
preferably 2 to 12 carbons and more preferably 2 

35 to 8 carbons in the normal chain, which include 
one triple bond in the normal chain, such as 2- 
propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3- 

•28* 



wo ^7/43257 



PCTAIS97/07603 



pentynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl, 3- 
heptynyl, 4-heptynyl, 3-octynyl, 3-nonynyl, 4- 
decyny 1 , 3 -undecyny 1 > 4-dodecynyl cuid the like, and 
which may be optionally substituted with 1 to 4 
5 substituents, namely, halogen, haloalkyl, alkyl, 
alkoxy, alkenyl, alkynyl, aryl, arylalkyl, 
cycloalkyl, aminp, heteroaryl, cycloheteroalkyl, 
hydro^QT, alkanoylamino, alkylamido, arylcarbonyl- 
amino, nitro, cyano, thiol, and/or alkylthio, as 
10 well as any of the other substituents as defined 
for r5 or R^. 

The term "alkylene" as employed herein 
alone or as part of another group (which also ' 
encompasses "alkyl" as part of another group such 

15 as arylalkyl or heteroarylalkyl) refers to alkyl 
groups as defined above having single bonds for 
attachment to other groups at two different carbon 
atoms and may optionally be substituted as defined 
above for "alkyl". The definition of alkylene 

20 applies to an alkyl group which links one function 
to another, such as an arylalkyl substituent. 

The terms "alkenylene" and "alkynylene" as 
eitployed herein alone or as part of another group 
(which also encompass "alkenyl" or "alkynyl* as 

25 part of another group such as arylalkenyl or 

arylalkynyl ) , refer to alkenyl groups as defined 
above and alkynyl groups as defined above, 
respectively, having single bonds for attachment 
at two different carbon atoms. 

30 Suitable alkylene, alkenylene or all^ylene 

groups or {CH2)n or (CH2)p (which may include 
alkylene, alkenylene or alkynylene groups) as 
defined herein, may optionally include 1,2, or 3 
alkyl, alkoxy, aryl, heteroaryl, cycloheteroalkyl, 

35 alkenyl, alkynyl, oxo, aryloxy, hydroxy, halogen 
substituents as well as any of the substituents 
defined for or R^, and in addition, may have one 
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of the carbon atoms in the chain replaced with em 
ojQrgen atom, N-H, N-alkyl or N-aryl. 
Exanples of allqrlene, alkenylene, alkynylene, 
(CH2)n and (CH2)p groups include 
5 — CH3=CH— CH2 — , — CH2CH=CH — , — C=C—CH2 — , 

-CHa— p- , -CHj— CHa— CHj— fj- , 

O O 

CH3 

-CH2CSCCH2- , -CssCH-CHa— . 



15 



10 — (CHah — , — (CHafe — , —(0*2)4 — , 

CHa 

— (CH2)2 — O— CH2CH2 — , — CH2CH — , — CH2CHCH2 — f 

I I I 

CHa 

— CHCH2 — • — CHCH2CH2 . — CHCHCHa — , 

CHa ^ I CHa 

CHa 

000 

II II M 

-CHaCHjO-C— • — CHaCHjN-C— 1 -CHaCHa-N-C— , 

H CH3 

— CHa— C— CH2 — » —(CHate — , —(CHah— c— CHa- » 

I i 
CHa F 

e. CH.c«. 

-CHa-CH-CHa — f — (CHa)a -CH — , -CHa-CH-C— , 
20 CHa CHs 

—CHa — CH — CH —CHa — f —CHa — CH— CHa— CH — » 
I ' i ' 

CHa CHa CHa CHa 



25 



<^ H OCHa 
— CH— CHaCHa — , CH-CHaCHa , — CHaOCHj— 

— OCHsCH, — » CH2NHCH2— » — NHCH2CH2— » 
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25 



CHj — N-CH3CH2- 

(CH2)3 — CF2- f — CHa-M— CH2- » CH3 

(CHa)2 — C— CH2- ' -(CHa)2~C— CHa- • 
U CH3 



CKa p3 CH3 

-(CH2)a — C— CHa- » ""<CHa)3 — c -(CH2)3 — c 

5 H CH3 ^ 

The term "halogen" or "halo" as used herein 
alone or as part of another group refers to 
chlorine, bromine, fluorine, and iodine as well as 
CF3, with chlorine or fluorine being preferred. 

10 The term "metal ion" refers to alkali metal 

ions such as sodium, potassium or lithium auid 
alkaline earth metal ions such as magnesium and 
calcium, as well as zinc and aluminum. 

The term "cycloheteroalkyl" as used herein 

15 alone or as part of another group refers to a 5-, 
6- or 7-membered saturated or partially 
unsaturated ring which includes 1 to 2 hetero 
atoms such as nitrogen, oxygen emd/or sulfur, 
linked through a carbon atom or a heteroatom, 

20 where possible, optionally via the linker (CH2)p 
(which is defined above) , such as 



Cy ■ Cy 
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and the like. The above groups may include 1 to 3 
substituents such as any of the R^, r5 or groups 
as defined above. In addition, any of the above 
rings can be fused to 1 or 2 cycloalkyl, aryl, 
5 heteroaryl or cycloheteroalkyl rings. 



The term "heteroaaryl* or 




(also referred to as heteroaryl) as used herein 
alone or as part of another group refers to a 5- 

10 or 6- membered aromatic ring which includes 1, 2, 
3 or 4 hetero atoms such as nitrogen, oxygen or 
sulfur, and such rings fused to an aryl, 
cycloalkyl, heteroaryl or cycloheteroalkyl ring 
(e.g. benzothiophenyl, indolyl) , linked through a 

15 carbon atom or a heteroatom, where possible, 

optionally via the linker (CH2)p (which is defined 
above) , such as 



20 




and the like, and includes all possible N~oxide 
25 derivatives . 




are the same or different as defined hereinbefore 
and are attached to the central ring of the 
indenyl or fluorenyl type group at adjacent 
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positions (that is ortho or 1, 2-positions) . 
Examples of such groups include 

oC . cC cc 6c 

oC oC " oC 

O 



cf sx: o : 

oC oi 

oi ■ o-' <: 




wherein u is selected from O, S, and NR''*^; 
R^^ is H, lower alkyl, aryl, -C(0)R''^, -C(0)0R7bJ 
^''b is alkyl or aryl, and includes all possible N- 
oxide derivatives. 

10 The heteroaryl groups including the above 

groups may optionally include 1 to 4 substituents 
such as any of the substituents listed for aryl, 
or those substituents indicated for or R^ groups 
as defined above. In addition, any of the above 

IS rings can be fused to a cycloallqrl, aryl, 
heteroaryl or cycloheteroalkyl ring. 
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The term cycloheteroalkylalkyl" as used 
herein alone or as part of another group refers to 
cycloheteroalkyl groups as defined above linked 
through a C atom or heteroatom to a (CH2)p chain. 
5 The term "heteroarylalkyl" or 

"heteroarylalkenyl" as used herein alone or as 
part of another group refers to a heteroaryl group 
as defined above linked through a C atom or 
heteroatom to a -(CH2)p-' chain, alkylene or 
10 alkenylene as defined above. 

The term "fluorenyl" or "fluorenyl analog" 
or "fluorenyl -type group" as employed herein 
refers to a group of the structure: 




20 The term "indenyl-type group" as employed 

herein refers to a group of the structure 




(ae2«3or4) £ 
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16a 



i16a 



(CH2)a 



i14 











or 


-R"-ZV 




• 

t 




R«- Z*^ 








11 







10 



Z, Zl, Z2, Rll, Rl2^ Rl3^ Rl4^ r15, r16^ Rl5a and 

R^^a as used in the above groups ^ through H are as 

defined hereinbefore. 

Preferred are compounds of formulae I and 
II wherein 

Rl is arylalkyl, arylalkenyl, heteroaryl- 
alkyl , heteroary lalkenyl , 



12 




or 




15 



20 



25 



(including where Z^ is a bond and R^^ is alkylene 



C 

or 



— NH— C- " 

II o ' 

or alkenylene and Z^ is O ^ 

and Ri2 is C1-C3 alkyl or 1, 1, 1-trifluoroethyl, Ri3 
is H or F and R^^ ig H or F, and Z is a bond or 0; 
and where R^^ is alkylene or alkenylene or alkylene 
substituted with 0x0, Rl2 is alkyl, alkenyl, 
aralkyi, aralkenyl, Z is O, S or a bond); or 

(CH2)p— 

R» 

(Wherein R^^ ^nd R^® are each independently alkyl, 
alkenyl, aryl, arylalkyl, heteroaryl, heteroaryl- 
alkyl, cycloalkyl or cycloalkylalkyl) ; or 



-35- 




wherein R^^ is aryl or hetieroaryl; 

r20 is .aryl or heteroaryl; 

r21 is alkyl, aryl, alJQ^laryl, arylalkyl 
aryloxy, arylalko3<y, heteroaryl, heteroarylalkyl , 
heteroarylalkoxy, cycloalkyl, cycloalkylalkyl or 
cycloalkylalkoxy . 

In structure I, it is preferred that r2, r3 
and r4 are each H and X is CH2, CH2CH2, or CH=CH. 

In structure II, it is preferred that is 
H or CH3 and R^ is cycloalkyl, phenyl, aryl or 

heteroaryl, or cycloalkyl, phenyl, aryl heteroaryl 
having an ortho hydrophobic substituent which is 
all^l, alkoxy« haloalkyl (containing up to five 
halo groups ) , tr i f luorome thy 1 , aryl , ary loxy , 
arylalkyl, arylalkoxy, haloalkoxy (containing up 
to five halo groups) . 

In structure II, it is also preferred that 
R^ is arylalkyl or heteroarylalkyl wherein alkyl of 
each has at least 2 carbons (preferably at least 3 
carbons) £uid R^ and R^ may be as defined 
hereinbefore and may or may not be the preferred 
groups set out above. 

It is to be understood that combinations of 
substituents which lead to chemically unstable 
molecules are not included within the scope of the 
present invention; for example, compounds of the 
invention will not include -0-0- , -0-C-OH, N-C-OH 
and -S-C-OH linkages. 

The compounds of formulae I and II may be 
prepared by the exenplary processes described in 

the following reaction schemes. Exemplary reagents 

% 

and procedures for these reactions appear 
hereinafter and in the working Examples. 
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Scheme I . Routes to Isoinddinone Piperidines 

O 



W ^ 

R^^ IS or (CH3)3COCO [BOC] 

or H when 
WIsO 




Phthalimide 
Formetion 




Heat 

tsoindolone Formation 

















o w 



Reduction 
Zn, Acetic Acid 
or Tin/HCI 




Id 



Scheme li . Addittonai Routes to Isomdolinone Pqseridines 





6 






m 



Amide Fonnation 



R^* is R^ or (CHajaCOCO [BOC] 

orHwhen 
WIsO 



Amide 
Fdmriation 



d4 ]. 



Hile 













Halo 





O 








OH 



Base 
Cydization 



W 



(a) Mesylate Formation 
followed Base Cydization 
or 

(b) Mitsunobu Cydization 
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Schema IIL introduction of by Attcyiation or Arylation 





Q 








0 


R« 





Deprotectlon 



BOC 





0 















Hydrogenolysis 



w 



N-CH^Aryl 



Amine (Amide) 
Ailcytation or 
Arylation 





0 























W 



Scheme IV. Routes to Starting Materials J^b and Ute 

O 



H,N-<1 



Phthalimide 
Formation 




o w 



Amine (Amide) 
Alkytation or Arylation 

(as in Scheme III) 



N-CHjPh 

Via 



Hydrogenolysis 




Hydrazlnoiysis 



I o o I 



O O 

0 0 0 

'BOC ANHYDRIDE' 
where Wis H,H 



Hydrazinotysis 



N-BOC 



o m 
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ScHamo V. General Routes to Starting Materials IVb 



^N-CHsPh 



PQ-N— / j 



Protecting Group 
Formation 



PG 



CH^Ph 



Amine (Amide) 
Alkylation or Aiyiation 

(as In Scheme III) 



Hydrogenolysis 



PG-N— / 1 
W 



Deprotadion 
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Schamasvt and vii. General Routes to U 



"'"SI' 



w 

Amine 
Alkylation 
or Arylatlof) 



w 

m 



Reductive 
Amination 



°=0 . 

W 

W»H»H 

XXil 



Amide Formation 



Ita w 



Amide Formation 



Amide 
N-Alkylation 



Ub 



IJAIH4 

Reduction 
(R^ = CH3) 



W 



N*R^ 
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Scheme VIII Prapaiation of Compounds 1^, 1^ 



N-R^ 
iVb 







I. 






R" 

XA 




X is halo or OH 


R« 



amide formation 




N-R' 



XIA 



base 
R^®CON(OMe)Me 
orDMF(R^OlsH) 



acylation 




dehydration 




XIB 



hydrogenation 
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Scheme IX Preparation of Compounds lA^-IA^ 




XXIII or le' 



arylation 
XXIV base 




addition 
XXIV 



(M=metai such as 
Li, or Mg or Zn) 



IA2 




all<ylatlon 
halo 




deoxygenation 
or 

hydrogenolysis 




lA^ 

r31 and are independently selected from any of 
the r2, r3, or R^ radicals; 

r33 and R^^ are independently selected from 
any of the radicals as well as aryloxy, alkoxy, 
arylalkoxy, heteroarylalkoxy and heteroaryloxy; 

r35 qan be any of the R^ radicals. 
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Scheme X Preparation of Compound 1^ 




lA 



W 



N-R^ 



IVb 



alkylatlon 

1) Base 

2) halo 

(halo»l,Br,CI) 




X is CI or OH 



amide fomiation 
followed by intramolecular 
cycllzation 




R* W 



I 



a 



reduction 

Zn, AcOH or 
EtaSiH. trifluoroacetic 
acid 




N-R' 



R« OH^' 



XXV 



Scheme XI Preparation of Compound II 
(Robotic Amide Coupling) 



w 



XXVI 



free basing 



Is >/ 



W 



XXVII 



XXVII 



o 

II 

R^C-OH 



XXVIII 



O 

R^C- 



II 



In the following Schemes XII et al, in the 
fluorenyl rings or fluorenyl euialogs, the fused 
aryl grot^s: 



^ may each optionally be replaced by a 5- 
or 6-meinbered heteroaryl ring as defined herein. 
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Scheme Xli 




r1<«- cooh alkylation 



XXVUI 



1) base ^ 

preferably I) 
XXVHIA 




rII'-COOH 



12 



XXiX 




UAIH4 reduction 



then Swern oxidation 



UAIH4 
reduction 

(Y is CH2) 



Phosphonate 
Wittig olefination 



XXXII 



XXX 



5 R^ia ceui be any of the R^^ radicals. 
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15 




H ^COaa 

y 

^ DIBAL reduction 

(O is CH^CHCHz) 



or DIBAL reduction 
then hydrogenation 
(Q is (CH2)3) 



XXXII 




XXX 



halogenation 
or 

suMonation 




XXXIIIA 

7? is halo or Osulfonate 
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SchemQ Xlli • Preparation of Intermediates where ^ is S, SO or SO2 




XXXV 



acid treatment 
R^^sH 




XXXVUIB 



X \ are same or different halo or OsuKonate 
n s 1 or 2 
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Scheme XIVA - Prepafation of A (Intermediates where is NIHCO) 



r" R« 



HOOC 




amide f omnation 




XXXIX 



Alkylation 



1) ^2 equiv. base 1) 2i 2 equiv. base 

2) > 1 equiv. X^- r'^- 2) ^1 equiv. X^- R^'-Y^ 



Ailcyiation 




amide fomnation 



R«- 




xu 



XXXIIIC 



X\ are same or different halo or Osulfonate 



Schema XIVP 



Alternative Procedure for Preparing Intennediate XL 
(Shown In Scheme XIVA) 




In carrying out the above reaction, bases such as n-butyllithlun, lithium 
bls(trimethylsilyl) amide and sodium bis(trimethyl8ilyl) amide may be employed 
in an aprotic solvent such as THF, at between -78''C and35X. 



It is preferable to have the starting material and isocyanate 

(R^^NsCO) together in solvent, and then add the base, and optionally add 

further excess Isocyanate subsequently. 
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SfibfiOifiJiV - Preparation of Intermediate where is — N-c— 

II 

0 



HOOC 




amide formation 



HO — R^^-N 




XUI 



XLIII 



XUil 



halogenation or 



sulfonation 




XXXUID 

IS halo orOsulfonate 
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►16 



»15 



Glignard 
addition 




xuv 



XLV 



XLV 



acid 
treatment 



= OPG or COOMo 

OPG is a protecting group 
(e.g. benzoate) 




XLVI 




acid 
treatment 



XXXV 



Y2— sH 

= OPG or GOOMe 

OPG is a protecting group 
(e.g. benzoate) 



XLVII 




XLVII 



Allcylation 

1) strong base 

2) x^-R« 



XLVI 



= halo or OsuHonate 
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Reduction 

(Y^^COgMe) 



or Deprotection 
{Y2=0PG) 




XLVI 



XLVIII 



XLVIII 



halogenation 



or sulfonation 



R^^— S 




XXXUIE 



Sulfur 
Oxidation 



is halo or Osulfonate 



XXXUIE 




XXXinF(n8l) 
XXXlUG (1182) 
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Scheme XVIA Preparation of Ketones 



HOOC 




alkylation 
base 

= halo or 
Osulfonate 



15 1) acid chloride 



fomiation 
for G = CI 
(COCI)2 



2) amide fomiation 
>(-X for G = McN— 




Oiyie 



XLII 




Ketone fomiation 

^ ho-r" 

X^MgO— R"- MgX' r12 

.-^v=^ (OpUonal catalytic Cu(l)) X-X. 



R" R^^ 
XUIA 

G = Clor MeN— 

OMa 



X^ = halo or 
Osulfonate 

R^^ is a chain of 
>2 cart>on$ 




halogenation 



»13 



i14 



XLIIB 




XXXIIIH 
X^ = halo or Osulfonate 
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^phcmfl XViB . Preparation of Ketones (Preferred Route) 



HOOC 




Alkylation 
1)ba8e 
2) PG-OR^^X^ 

= halo or 
0"Sulfonate 




\ y Decarboxylation 
PG-O- /=\ DMSO, RT 



.13 



XXXIX 



XUIC 




Ketone Formation 
(Acylation) 

1)ba8e 
2) R^^COCI 



PQ-O- r" 7= 



XLIID 




1)Deprotection 

2) Halide 
Formation 




PG Is an approplate protecting group: 
such as t-butyi(dimethyl)8ilyl or 
t-butyl(diphenyl)8ilyl, which can be 
deprotected with aqueous acid or 
n-Bu4NF. 



XXXIIII 
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Schema yV^^^ " Preparation of Amide Linked Compounds 



pis 1} base 



2) X^-R^^-C02Alkyl 




HO 



where is halo Alkyl02C-R^^ /= 



or O-suHonate 



XLV 




XXXIX 




Amide 
Formation 



Saponification 



^NH 



XLVliA 



AlkylOsC-R 



XLVI 




Amide Formation 




XLVIII 
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Scheme xvTTfi - Preparation of Carbamate and Urea Linked 
Compounds (where W is H,H) 



1) ba8e 

2) X^-R^^W 




XXXIX 



where X^ is halo ^ 
or 0-suif onate 

Y s CN or CHsCH2 r 
and R^^' Is defined as Is R^^ 




,14 



R«^ 




YsCN 

NHrfle 
2 Reduction 

(e.g H2f Pd/C or m02, 
H2NCH2-R" /~\ or NaBH4/Co(ll) ) 



Amide 

Formation 

R^^NHz 



Ul 



O 
LV 



Wliera W and W are leaving groups 

such as CI or OC6H4-P-NO2 

or N^«imidazolet and L is O or NHCH2 




Y = CHsCH2 

1) Ozone 

2) NaBH4 




R^^„ 
H 

LVI 

Where L is O or HN 



HO-CHj-B 




Ull 





O R^*^^— ' r1« 
UV " 
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Scheme XVI II A - Forznation of Sulfonamides 



MiJUll 



R^S02CI 
LX 



B*- S- 
LXI * 



(Reaction in a variety of solvents (CH2CI2, THF, pyridine) optionally 

in the presence of a tertiary amine base, such as pyridine or triethyl amine). 



5 Scheme XVIIIB - Formation of Ureas (R^ is Amino) 



W IVb. XHI 



R^-NsC=0 



w 

LXII 



(1 to 10 equiv of R-CsNsO, in aprotic solvent such as toluene, from O^'C to 150*^0). 
(r5' is alkyl, aryl, heteroaryl or arylalkyl) . 

10 Scheme XIXA - General Route to Final Product 



(where Is as In 
XXXIitA-Korany 
other R^ as defined 
herein) 



* XLVIIA 



Amine Alkyiation 
(Amide) 



I. 

or 
II 
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Schemft xofi General Route to Final Products (I or il) 



PG 



Amino Alkyiation >- N- b' 

JUte W 



(where Is as In 
XXXiiiA-loranyof 
the other R^as 
defined herein) 



Deprotection 



As in Schemes 
I, II. VI. Vlll. X. XI, 

Rnal Products HM—/ 1 

0 or II) XVIIIA, XVHB JLb' 

w 

Mb 

(Example of a protected nitrogen (P&N) is the t-BuOC=ONH (BOC 
amino) group, which can be deprotected under mild conditions, 
such as anhydrous HCI in dioxane or neat trif luoroacetic acid). 



Scheme XX ^ Oxidation of sulfur at the end of the reaction 



sequence 



V R'* 




i» 



1) HCr or CFaCQaH- 
(Where W is K H) 



2) Selective sutfur 

oxidation 

3) base 



- |io 



*Add pretreatment protects 
basic piperidine from oxidation 




,10 

ns 1 or2 



(RB is defined as in Scheme XVIIA) 
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Scheme XXI - Preparation of Halide Intermediates 



lie ^ , ^ 



»15 



HO2C 




X R^* r 

O (Alkyl or aryl) 



^ P6-Q 



. // Palladium Catalyst 

Base 

^ Aprotic Solvent 

XXXIX 

All alkenes in this scheme 
may be cis or trans or a mixture. 




LXV 

Amide 
Formation 




15 PG-OL 



C= 
I I 

H H 



X 

0^ (Alkyl or aryl) ^„ 



Palladium Catalyst 

Base ^ ^Jj 

H H \y 



Aprotic Solvent 




»13- 



LXVI 



14 



For example ! Palladium catalyst can be Pd(Ph3P)4, 
base can be NaH or bi8(trimethy!8ilyl)acetamide, 
aprotic solvent can be THF or DMF or mixtures. 
PG- can be organosIM, such as t-Bu(Ph)2SK 
and deprotection oonoftions can be n-Bu4NF, THF. 



Deprotection 



t 

LXVil 



5 
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XXXIHJ XXXIIIK 
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Scheme XXII - Preparation of Formulae I and II Compounds 
Where W is O 



SMe 




PG 

HOaCr N' 

UN3 Reduction H 

n^-Br RI.N3 R^-NH2 UH 

solvent, (e.g. H2» Pd/C) -LIV 

L □ III amide coupling 

(e.g. HOBT. 

O EDAC solvent) 




H 



H N 1 



pcr 

CHal J H base, solvent 

„.S f ► LVI 

Me LIV * I ^' (e.g. NaH.OMF 

Me ^ Me CH2CI2. or Li(rfTMS)2. 

LV 

'*H'K?N. 1 SSTscheme s 

n " (i.e. HCI wtwre ^^V'^'-R^ " la' 



O PGsBoc) 
LVI 




LVII 




N^Hi or 




la* 



lib' 
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Scheme ^XTT^i - Preparation of N-Oxides of Formulae I and XI 
Conqpounds 



Oxidation 
(for example, peracid such as 
meta-chloroperbenzotc acid) 





In the above Reaction Schemes XII through 



XXI, the starting f luorenyl-type acid XXVIII, 
alcohol XXXV, acids XXXIX and XLII, ketone XLIV, 
hydride XXXIXA, and amide XL groups may be 
substituted with corresponding acid, alcohol, 
ketone, hydride and amide containir\g fluorenyl 
type groups as set out in fi. £ and E or 
indenyl-type groups as set out in £, £, fi and/or H 
to provide an intermediate compound for use in 
preparing a compound of formula I or II of the 
invention as per Reaction Schemes I to XXII. 

Phthalimide formation (Reaction Schemes I, 
IV and XXII) may be carried out by heating to 
about 80 to ISO^C in an oil bath optionally in an 
inert solvent or by various other procedures known 
in the art. 

Reduction (Reaction Schemes I, XXII) may be 
carried out by treatment with such reducing agents 
as zinc in the presence of acetic acid or tin in 
the presence of hydrochloric acid under an inert 
a tmoshpher e (e.g., argon ) . 

Isoindolone foirmation (Reaction Schemes I, 
XXII) may be carried out by heating in the range 
of about 50 to IBO^C in an organic solvent (e.g., 
toluene, ethanol, dimethyl formamide) optionally in 
the presence of a salt (e.g«, potassium carbonate) 
or a tertiary amine base (e.g., 2, 6-di-J;-butyl- 

pyridine or triethylamine) . 
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Amide formation (Reaction Schemes II, VI, 

VII, VIII, X, XI, XIVA, XV, XVI, XVIA, XVIB, 
XVIIA, XVIIB, XXI, XXII), may be carried out by a 
nximber of methods kno^m in the art. For exaii?)le, 

5 an amine substrate may be treated with (1) an acid 
halide R^CCOhalo or compound X or XA in an aprotic 
solvent, optionally in the presence of a tertiary 
amine base (e.g., triethylamine) ; (2) the acid 
halide in the presence of an aqueous base under 
10 Schotten-Baumann conditions; (3) a free carboxylic 
acid (R^C02H) in the presence of a coupling agent 

such as dicyclohexylcarbodiimide (DCC) , 
diisopropyl carbodiimide (DIG) or 1- (3-dimfethyl- 
aminopropy 1 ) - 3 - e thylcarbodi imide hydrochloride 

15 (WSC) , optionally in the presence of 1-hydrox/- 
benzotriazole (HOBT) ; (4) the free acid in the 
presence of N, N-carbonyldiimidazole in an aprotic 
orgeuiic solvent followed by the amine substrate; 
(5) trialkylaluminum (e.g., Al(CH3)3) in an aprotic 

20 solvent, followed by an ester (e.g., R5c02alkyl or 
compound VIII) or (6) mixed anhydride formation, 
by reacting the acid with an acid chloride (e.g., 
isobutyl chloroformate or bis- (2-oxo-3- 
oxazolidinyDphosphinic chloride (Bop-Cl)) in the 

25 presence of a tertiary amine base (e.g., 

triethylamine) followed by treatment with the 
amine substrate. 

Mesylate formation (Reaction Scheme II) may 
be c£a:xied out by treatment of the amine-alcohol 

30 substrate with methanesulfonyl chloride and 
triethylainine or pyridine or in an aprotic 
solvent, such as dichloromethane . 

Base cyclization (Reaction Schemes II, 

VIII, XXII) may be carried out by treatment with a 
35 base (e.g., potassium l^-butoxide, lithium 

hexamethyldisilazide (LiN(TMS)2) or sodium hydride) 
in an inert solvent (e.g., dime thy Iformamide, 
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tetrahydrof uran , dime thoxyme thane, or toluene) . 
Mitsunobu cyclization (Reaction Scheme II) may be 
carried out by procedures generally known in the 
art. See, e.g., R. K. Olsen, J. Qra. Chem , . 4^/ 
5 3527 (1984); Genin, M. J., et al. . J. Org. Chem. . 
5Ji, 2334-7 (1993) . 

Alternatively, a mixture of compounds IV 
and VIII can be converted to compound la in a 
single pot by heating the mixture in a protic 
10 solvent (e.g., water, methanol, ethenyl or 

isopropanol or mixtures thereof) at 100 to 200*^C. 
See, e.g., European patent application 81/26,749, 
FR 2,548,666 (1983) . 

Protection and deprotection (Reaction 
15 Schemes III, IV, V, XVI. XVIB, XIXB, XXI, XXII) 
may be carried out by procedures generally known 
in the art. See, for example, T. W. Greene, 
Protecting Groups in Org anic Svnthesis . Second 

edition, 1991. PG in Scheme V denotes a nitrogen- 
20 protecting group. One particularly useful group is 
£gEt-buto^carbonyl (BOC) which can be derived 

from the associated anhydride as shown in Scheme 
IV. BOC-protected amines may typically be 
deprotected by treatment with acid (e.g., 
25 trif luoroacetic acid or hydrochloric acid) in 
procedures well understood by those having 
ordinary skill in the art. 

Hydrogeno lysis (Reaction Schemes III, IV, 
V) may be carried out with H2 using a balloon 

30 apparatus or a Parr Shaker in the presence of a 
catalyst (e.g., pallladi\im on activated carbon). 

Amine/Amide alkylation and arylation 
(Reaction Schemes III, IV, V, IX, XII, XIXA, XIXB) 
may be carried out by methods known in the art. 

35 Suitable procedures are described in Cortizo, L., 
J- Med. Chem . 2242-2247 (1991). For example, 

the alley la t ion or arylation may be carried out by 
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treating the amine substrate with a halide (e.g., 
R^-halo) or an oxytosylate (e.g., R^-O-tosylate) in 
an aprotic solvent (e.g., dime thy 1 formamide ) , 
optionally in the presence of a tertiary amine 
5 (e.g., triethylamine) , an inorganic base (e.g., 
potassium carbonate, NaH) , or lithium hexamethyl- 
disilazide) . 

Reductive amination may be employed as an 
alternative to the foregoing amine alky la t ion and 

10 arylation procedures where W is H,H when R^, R^ or 
R*^ is R^Ri^cH- and R^ and R^^ are each 
independently hydrogen, alkyl, alkenyl, aryl, 
heteroaryl, arylalkyl, heteroarylalkyl , 
cycloalkyl, or cycloalkylalkyl , or R^ and R^^ 

15 together are alkyl ene (i.e., R^R^^CH- forms a 

cycloalkyl group) . Such reductive amination may be 
carried out by treating the amine with (a) a 
ketone or aldehyde (r9-C(0) -R^O) , (b) NaBH4. 
NaBHsCN or NaB(aceto3Qr) 3H, (c) a protic solvent 

20 (e.g., methanol) or a dipolar aprotic solvent 

(e.g., acetonitrile) , and, optionally, (d) an acid 
(e.g., acetic acid, trifluoroacetic acid, 
hydrochloric acid, or titanium isopropoxide) . 
When R^ is aryl or heteroaryl, transition metals 

25 (e. g., palladium or copper salts or conplexes) 
may be used to promote the arylation reaction. 

Alkylation of the isoindolone (Reaction 
Scheme X, XXII) may be carried out by treatment of 
the isoindolone with a strong base (i.e. sodium 

30 bis (trimethylsilyl) amide or lithium diisopropyl- 
amide) followed by an alkyl halide (e.g. R^-halo) 
or alkyl sulfonate (e.g. R®-tosylate) in an inert 
solvent (e.g. tetrahydrofuran or dimethoxy- 
ethane) . Alternatively, as seen in Scheme X, 

35 amine IVb can be treated under amide formation 

conditions with a ketone with the structure XB to 
provide a hydroxylactam XXV, which could be 
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subjected to reduction conditions with such 
reducing agents as zinc in acetic acid or 
triethylsilane in trif luoroacetic acid to give I^. 
Hydrazinolysis of phthalimides may be 
5 carried out by standard means knovni in the art. 
See, e.g., T. W. Greene, Protecting Groups in 
Organic Synthesis . Second edition, 1991. 

Amide N-alkylation (Reaction Scheme VI, 
XXII) may be carried out by base treatment (e.g., 

10 NaH, KH, KN[Si{CH3)3]2, K2CO3, P4-phospha2ene base, 
or butyl lithium) in an aprotic organic solvent, 
followed by treatment, with R^-halo or 
tosylate. Use of P-phosphazene base is described 
in T. Pietzonka, D. Seebach, Anoew. Chem. Int. Ed. 

15 Engl. 21. 1481, 1992. 

Compound III can also be prepared from 
coxnpound XX as described by Cortizo, L., j. Med. 
Ol^. 2Ai 2242-2247 (1991) . 

Dehydration (Scheme VIII) may be carried 
20 out employing a strong acid such as hydrochloric 
acid, sulfuric acid or trif luoroacetic acid. 

Hydrogenation (Scheme VIII) may be ceirried 
out in the presence of a conventional catalyst 
such as Pd/C or Pt or Rh under a H2 atmosphere. 

25 The addition reaction shown in Scheme IX 

may be carried out by treating lA^ with an 
organometallic reagent XXIV, such as an 
organolithium or organic magnesium compound where 
organo is all^rl or aryl. 

30 The deoxygenation or hydrogenation reaction 

(Scheme IX) is carried out in the presence of a 
strong acid such as trif luoroacetic acid or boron 
tri fluoride etherate, in the presence of a hydride 
source such as triethyl silane or 

35 tris ( trimethylsilyl ) silane . 

The alkylation in Schemes XII, XIII, XIV, 
XVI, XVIA, XVIB is carried out in the presence of 
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base such as butyllithium or sodium bis ( trimethyl- 
silyl) amide. It will be appreciated that Rl2 in 
R^2q iQay be any of the R^^ groups as defined 
hereinbefore - 

5 Alternatively, the alkylation in the above 

Schemes can be performed where either or both or 
z2 is a bond, using a palladium catalyzed allylic 
alkylation procedure. In this reaction, the 
f luorenyl-type or indenyl-type precursors 
10 (compounds XXVIII, XXXVI, XXXVII, XXXIX, XL, 

XLVII) are reacted with a base (sodium hydride, 
sodium bis (trimethylsilyl) amide or 
bis ( trimethylsilyl ) acetamide) , a palladium 
catalyst (for example Pd(Ph^)4) and an allylic 

15 acetate ( CHaCO^CHr CH=Cm CHaCoJwfCH^CHj ) in an 

inert solvent (for exanple THF) . This reaction is 
to introduce either -Ri2 (Scheme XII) or -R^^-X^ 
(SchCTies XIII, XIV, XVI, XVIA) or -R^^-OPG (Scheme 
XVIB, Scheme XXI) . The product of this reaction 
20 contains either an -R^^ group or an -R^^-X^ group 
(or an -R^^-GPG group) which begins with 
•CH2-CHsCH-i \ Saturation of the alkeng in R^^ or r12 

can be accon^lished by standard catalytic 
hydrogenation conditions. 
25 With respect to Scheme XII, the LiAlH4 

reduction, Swem oxidation, Wittig olefination and 
halogenation/sulfonation reactions are 
conventional reactions well known to those skilled 
in the art. 

30 The sulfur oxidation in Schemes XIII, XVI 

and XVIII is carried out as follows. 

Sulfides of structures XXXVI, XXXVIII, 
XXXIIIE and I? can be selectively oxidized to 
sulfoxides by 1 molar equivalent of reagents known 

35 in the curt, such as 30% H2O2, NaI04, and peracids 
(e.g., meta-chloroperbenzoic acid). The resulting 
sulfoxides can be further transformed to 
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corresponding sulfones by another molar equivalent 
or excess of 30% H2O2, KMn04, KHSO5, or peracids 

(e.g., meta-chloroperbenzoic acid). Alternatively, 
the sulfones can be directly prepared from 
5 sulfides with 2 molar equivalents or more of 
oxidizing agents, such as 30% H2O2 and peracids 
(e.g., meta-chloroperbenzoic acid). In cases 
where an amine (such as a pyrrolidine in I^) is 
present during the oxidation, the basic nitrogen 
10 may be protected by pretreatment with an acid such 
as HCl or CF3CO2H ( see Scheme XIX) . 

To prepare examples where or is -CHOH, 
the compounds I and II where or Z^ is C=0 can be 
reduced with a hydride reagent, for example NaBH4. 

15 The compounds of the invention may be 

employed in preventing, stabilizing or causing 
regression of atherosclerosis in a mammalian 
species by administering a therapeutically 
effective amount of a compound to decrease the 

20 activity of MTP. 

The confounds of the invention can be 
tested for MTP inhibitory activity employing the 
procedures set out in U.S. application Serial No. 
117,362 filed September 3, 1993, eiqploying MTP 

25 isolated from one of the following sources: 

(1) bovine liver microsomes, 

(2) HepG2 cells (human hepatoma cells) or 

(3) recombinant hiaman MTP expressed in 
baculovirus . 

30 The coicqpounds of the invention may also be 

employed in lowering serum lipid levels, such as 
cholesterol or triglyceride (TG) levels, in a 
mammalian species, by administering a 
therapeutically effective amo\int of a conpound to 

35 decrease the activity of MTP. 

The compounds of the invention may be 
employed in the treatment of various other 



66 



wo 97/43257 



PCr/US97/07603 



conditions or diseases using agents which decrease 
activity of MTP, For example, compounds of the 
invention decrease the amount or activity of MTP 
and therefore decrease serum cholesterol and TG 
5 levels, and TG, fatty acid and cholesterol 
absorption and thus are useful in treating 
hypercholesterolemia, hypertriglyceridemia, 
hyperlipidemia, pancreatitis, hyperglycemia and 
obesity. 

10 The compounds of the present invention are 

agents that decrease the activity of MTP and can 
be administered to various mammalian species, such 
as monkeys, dogs, cats, rats, humans, etc., in 

need of such treatment. These agents can be 
15 administered systemically, such as orally or 
parenterally. 

The agents that decrease the activity or 
amount of MTP can be incorporated in a 
conventional systemic dosage form, such as a 
20 tablet, capsule, elixir or injectable formulation. 
The above dosage forms will also include the 
necessary physiologically acceptable carrier 
material, excipient, lubriccuit, buffer, 
antibacterial, bulking agent (such as mcuinitol) , 
25 anti-oxidants (ascorbic acid or sodium bisulfite) 
or the like. Oral dosage forms are preferred, 
although parenteral forms are quite satisfactory 
as well. 

The dose administered must be carefully 
30 adjusted according to the age, weight, and 

condition of the patient, as well as the route of 
administration, dosage form and regimen, and the 
desired result. In general, the dosage forms 
described above may be administered in amounts of 
35 from about 5 to about 500 mg per day in single or 
divided doses of one to four times daily. 
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10 



15 



The following Examples represent preferred 
embodiments of the invention. All temperatures 
are in unless indicated otherwise. 

9- [4- [3- [ (2-Phenoxybenzoyl) amino] -1-pyrrolidinyl] - 

butyl] -N- (2, 2, 2-trif luoroethyl) -9H-f luorene-9- 
carboxamide. monohydrochloride 





To a solution of 9-f luorenecarboxylic acid 
(50 g, 240 mmol) in THF (1200 mL) at 0<^C was added 
dropwise a solution of n-butyl lithium (2.5M, 211 
mL, 530 mmol) in THF. The yellow reaction was 

20 stirred at O^C for 1 h, then 1, 4-dibromobutane 
(31.3 mL« 260 mmol) was added dropwise over 30 
min. The reaction was stirred at O^C for 30 min, 
then the reaction was warmed to RT for 30 h. The 
reaction was extracted with water (3 x 750 mL) . 

25 The combined aqueous layers were extracted with 
ethyl ether (800 mL) . The aqueous layer was made 
acidic with HCl solution (IN, 500 mL) , then 
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extracted with dichl or ome thane (3 x 750 mL) . The 
combined organic layers were dried over MgS04. 
Evaporation gave title compound (71 g, 85%) as a 
white solid. 

6 




Br 



To a solution of Part A acid (60 g, 173 

10 mmol) and DMF (100 \ih) in CH2CI2 (600 mL) under 
argon at 0*C was added oxalyl chloride (104 mL, 
2.0M in CH2Cl2# 208 mmol) dropwise. The reaction 
was stirred at 0*C for 10 min, then warmed to RT 
and stirred for 1.5 h. The reaction was 

15 concentrated in vacuo to give the crude acid 
chloride as a yellow oil. To a suspension of 
2,2, 2-trifluoroethylamine hydrochloride (25.9 g, 
191 mmol) in CH2CI2 (500 mL) at O^C under argon 
was added trie thy lamine (73 mL, 521 mmol) followed 

20 by dropwise addition of a solution of the crude . 
acid chloride in CH2CI2 (15 mL) . The reaction was 
stirred at O'C for 1 h, diluted with CH2CI2 (500 
mL) , and washed with water (2 x 300 mL) , IN HCl (2 
X 300 mL) , saturated NaHCOs (2 x 300 mL) , and 

25 brine (2 x 300 mL) , then dried over ^^S04. 

Evaporation gave 80 g of a oil which was purified 
by flash chromatography on silica gel (2.5 kg). 
The crude product was loaded in a mixture of 
CH2CI2 and hexane, and eluted with a step gradient 

30 of 10% EtOAc/hexane (4L) to 15% EtOAc/hexane (2L) 
to 20% EtOAc/hexane (4L) . Pure fractions were 
combined and evaporated to give title compound 
(52.5 g, 71%) as a white solid (mp 88-92*C). 
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H 



5 A mixture of Part B compound (732 mg, 1.72 

inniol ) , 3 - ( tert-butoxycarbony lamino ) -pyrrolidine 
(383 mg, 2.06 mmol) , and cuihydrpus potassium 
carbonate (356 mg, 2.58 mmol) in DMF (5 mL) was 
heated at 50 'C under argon overnight (18 h) , 
10 cooled to RT, and the solvent removed under high 
vacuiam. The residue was partitioned between 
CH2CI2 (20 mL) and water (5 mL) . The organic 
layer was washed with water (5 mL) , dried over 
Na2S04, and evaporated to give 1.2 g of an orange 

15 solid. The crude product was purified flash 
chromatography on silica gel (70 g) eluting with 
5% MeOH/CH2Cl2 to provide title compound (673 mg, 
74%) as a white foam. 

20 D. 




To a solution of Part C compound (625 mg, 
1.18 mmol) in dioxane (2 mL) was added 4N HCl in 
25 dioxane (2 mL, 8 mmol) . The clear solution was 
stirred at RT for 3 h, concentrated in vacuo, and 
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pumped under high vacuum overnight to give title 
compound (646 mg, >100%) as a white foamy solid. 

E. 2-Phenoxyben2oic acid chloride 

5 To a solution of 2-phenoxybenzoic acid 

(Aldrich) (500 mg, 2.33 raraol) and DMF (1 drop) in 
dichloromethane (10 raL) at RT was added dropwise a 
solution of oxalyl chloride in dichloromethane 
(2.0M, 1.28 mL, 2.56 mmol) . Bubbling of escaping 
10 gasses continued for 10 min after addition. The 

reaction was stirred at RT for 60 min, then 
concentrated in vacuo to give title compound as an 

oil . 

15 F. 9- (4- [3- 1 (2-Phenoxybenzoyl)aminoJ-l- 

pyrrolidinyl 1 -butyl 1 -N- (2,2, 2- trif luoro- 
ethyl) -9H-f luorene-9-carboxamide, 
monohvdrochloride 

A solution of Part D conpound (350 mg, 
20 0.696 mmol) in CH2CI2 (2 mL) was cooled to 0*C 
under argon. Trie thy lamine (385 pL, 2.78 mmol) 
was added, which gave a clouc^ mixture. A 
solution of Part £ acid chloride in CH2CI2 (1-5 
mL) was added £uid the reaction mixture was stirred 
25 at O'C for 10 min, diluted with CH2CI2 (2 mL) , 
washed with water (2 mL) and saturated NaHCOa (2 
mL) , dried over Na2S04, and then evaporated to give 
450 mg of a gold-colored gum. The crude product 
was purified 1:^ flash chromatography on silica gel 
30 (50 g) eluting with 4% MeOH/CH2Cl2 to provide 360 
mg of the free amine as a white foam. 

To a solution of the free amine in THF (3 
mL) was added I.IN HCl in Et20 (1.0 mL, 1.1 mmol). 

The reaction mixture was concentrated in vacuo, 
35 and the residue was triturated with £t20. The 
resulting foam was dried in a vacuum oven (50 *C, 
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0,2 torr) overnight to provide title conpound (380 
mg, 82%) as a foamy tan solid. 

MS (ES, + ions) m/z 628 (M+H) 
5 Anal. Calc'd for C37H37F3N3O3 + O.6H2O: 

C, 65.84; H, 5.70; N, 6.23; F, 8.44 
Found: C, 66.20; H, 5.6.0; N, 6.13; F, 8.04. 

10 9-[4-[3 - (Benzoylamino) -1-pyrrolidinyl] butyl] -N- 

(2,2, 2-trif luoroethyl) -9H-f luorene-9-carboxamide, 
monohvdrochloride 

To a mixture of Example 1 compound (273 mg, 
15 0.543 ramol) and triethylamine (300 uL, 2.17 mmol) 
in CH2CI2 (2 mL) at 0*C under argon was added 
benzoyl chloride (70 uL, 0.597 mmol). The 
reaction mixture was stirred at 0*C for 15 min, 
diluted with CH2CI2 (3 mL) , washed with water (1 
20 mL) cuid saturated NaHC03 (2 mL) « and then dried 
over Na2S04. Evaporation of the filtrate gave a 
brown foam, which was purified by flash 
chromatography on silica gel (60 g) eluting with 
3% MeOH/CH2Cl2 to provide 196 mg of product as the 
25 free amine. 

A portion of the desired product (176 mg) 
was dissolved in MeOH (2 mL) and a solution of 
I.IN HCl/Et20 (0.6 mL, 0.66 mmol) was added. The 

solution was concentrated in vacuo and the residue 
30 was triturated with £t20 to give a foamy solid, 

which was punped under high vacuum ovesniight to 
afford title compound (175 mg, 62%) as a foamy 
white solid. 

MS (ES, + ions) m/z 536 (M+H) 



-72- 



wo 97/43257 PCT/US97/07d03 

Anal. Calc'd for C31H33CI3N3O2 + 0,4H2O: 

C, 64.28; H, 5.88; 7.25; CI, 6.12; 
F, 9.84 

Found: 64.27; H, 5.93; N, 7.29; CI, 5.71; 
5 F, 9.73. 




9-[4-(20xo-3H[n4*-(trff luoromemyOIl J '-biphenyl^2-yl]carto 
1-pyrroUdinyQbiJtyll-N-(2,2,2-trifluor(>ethyl)-9H-fluoren^^ 

10 




A slurry of Bxanple 1 Part B bromide (3.037 
15 g, 7.12 mmol) and NaNa (2.26 g, 34.7 mmol) in DMF 
(15 mL) was heated at 50^C for 3 hours and then at 
95 °C for 2 hours. The mixture was cooled to room 
temperature and partitioned between EtOAc and H2O. 
The organic layer was washed successively with H2O, 
20 IN HCl, H2O, and brine, then dried (Na2S04) , 

filtered and stripped to give a yellow oil which 
slowly solidified. Recrystallization from hexane 
afforded title azide compound (2.198 g) as a white 
solid. An additional 212 mg of material was 
25 obtained from the mother liquor to give a total of 
2«41 g (87%) of title azide. 
mp: 84-86®C. ' 
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NH^a 



A solution of Part A azide {2.253 g, 5.8 
5 mmol) in MeOH (40 mL) was hydrogenated (balloon) 
over palladium (10% Pd on Ccurbon, 250 mg) at room 
tenperature for 1 hour. The mixture was filtered 
through Celite and the filtrate was stripped, re- 
dissolved in MeOH, and treated with 4 N HCl in 
10 dioxane. Trituration with Et20 followed by 

collection of the precipitate and drying in vacuo 
afforded title compound (2.090 g, 90%) as a 
grayish white solid, 
mp: 200-202^C. 




Me 



A solid mixture of Pcurt B compound (2.048 
20 g, 5.1 mmol), N-Boc-D,L-methionine (1.280 g, 5.1 
mmol), and H0BT«xH20 (693 mg) was slurried in 
CH2CI2 and subsequently treated with N-methyl- 
morpholine (0.9 mL, 828 mg, 8.2 mmol) followed by 
ethyl-3- (3-dimethylamino) propyl carbodiimide •HCl 
25 salt (EDAC) (1.083 g, 5.6 mmol). After stirring at 
room temperature for 18 hours, the homogeneous 
mixture was partitioned between EtOAc/Et20 and 1 N 
HCl. The organic layer was washed with H2O, 50% 
saturated NaHC03, and brine, then dried (Na2S04), 
30 filtered and stripped to give racemic title 
confound (2.972 g, 98%) as a foam. 
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15 



TLC: Rf 0.44 (6/4-EtOAc/hexanes) . 



D. 




Part C coznpound (2.902 g, 4.88 ininol) was 
dissolved in CH3I (35 mL) and stirred at room 
teirperature for 2 days. The solvent was stripped, 
then triturated and stripped from hexane twice to 
10 give crude title compound (3.74 g, 104% of theory) 
as a pale yellow solid which was used directly in 
the next reaction without further purification. 



E. 




A solution of Part D sulfonium salt (3.069 
g, 4.17 romol) in DMF (20 mL) and CH2CI2 (22 mL) at 

O^C was treated all at once with solid NaH (60% in 
20 mineral oil, 400 mg, 240 mg pure, 10.0 mmol) . 

After stirring at 0*^C for 1.5 hours and at room 
temperature for 1.5 hoiirs, the mixture was 
quenched with 0.5 N HCl and extracted with EtOAc. 
The EtOAc extract was washed twice with H2O, once 
25 with saturated NaHCOa, and once with brine, then 
dried (Na2S04), filtered and stripped. Flash 
chromatography (Merck Si02# 7/3-EtOAc/hexanes) 
afforded title compound (1.774 g, 78%) as a white 
foam. 

30 TLC: Rf 0.21 (6/4-EtOAc/hexane) . 
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A solution of Part E compound (1.752 g, 3.2 
5 mmol) in 1,4-dioxane (8 mL) was treated with 4 N 
HCl in 1,4-dioxane (5 mL) . After 5 hours, the 
solvent was stripped and the residue was 
azeotroped twice from CH2Cl2/Et20 and triturated 
from Et20/hexane. The solid was collected by 
10 filtration cuid dried in vacuo to give title 
con^vind (1.576 g, 102% of theory) as a white 
solid. 




A solid mixture of Part F compound (250 mg, 
0 . 52 mmol ) , 4 * - ( trif luoromethyl ) -2 -bipheny Icar- 
boxylic acid (145 mg, 0.54 mmol), and H0BT«xH20 (70 

20 mg) was slurried in CH2CI2 (5 mL) and subsequently 
treated with N-methyl morpholine (86 uL, 79 mg, 
0.78 iranol) followed by EDAC (111 mg« 0.58 mmol). 
After stirring at room tenperature for 18 hours, 
the mixture was partitioned between EtOAc and 1 N 

25 HCl. The EtOAc extract was washed successively 
with H2O, saturated NaHC03 €uid brine, then dried 
(Na2S04) , filtered and stripped. Flash chromato- 
graphy (Merck Si02i 8/2-EtOAc/hexanes) afforded 
title compound (310 mg, 86%) as a white foam. 



76 



wo 97/43257 



PCTAJS97/07603 



TLC: Rf 0*21 (8/2-EtOAc/hexanes) 
MS: (M+H)-' e 694; (M-H) " 692; (M+1SIH4) -*- 711 
HPLC: YMC S3 ODS coliamn (6.0 x 150 mm); Eluted 
5 with 0% to 100% 30 minute gradient, (A = 90% 
H2O-10% MeOH-0.2% H3PO4 and B = 10% H2O-90% MeOH- 
0,2% H3PO4) flow rate at 1.5 ml/min detecting at 
220 nm; tR = 30,98 min (98.1%). 

Microanalysis Calc'd for C38H33F6N3O3 + O.13CH2CI2: 
10 C, 64.96; H, 4.76; N, 5.96; F, 16.17; 

CI, 1.35 

Found: C, 64,86; H, 4.80; N, 5.89; F, 16.22; 
CI 1.34. 



15 




9-(4-{3-[[2-(2-Benzothiazotyl)benzoyqamino]-2K)xo-Vpyrrolidinyqbutyq- 
N-(2,2,2-trifltioro6thyl)-9H-fluorene-9-cartx)xamide 



A slurry of Example 3 Part F amine 



X) 



20 hydrochloride (200 mg, 0.415 ramol) , ^ (98 

mg, 0.38 mmol), and H0BT*xH2O (56 mg) in CH2CI2 (5 
mL) was treated successively with N-methyl 
morpholine (70 uL, 65 mg, 0.65 mmol) and EDAC (89 
mg, 0.46 mmol) at room tenperature. After 18 

25 hours, the mixture was partitioned between EtOAc 
and saturated NaHC03. The EtOAC extract was washed 
successively with H2O, 1 N HCl, and brine, then 
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dried (Na2S04) , filtered, and stripped repeatedly 
from CH2CI2 to give title compound (249 mg, 95%) as 

a white foam. 

TLC: Rf 0.19 (EtOAc) 

5 MS: (M+H)+ 0 683; (M-H)" 681 

HPLC: YMC S3 ODS coliimn (6.0 x 150 mm); Eluted 
with 40% to 100% B, 20 minute gradient, (A = 90% 
H2O-10% MeOH-0.2% H3PO4 and B = 10% H2O-90% MeOH- 
0.2% H3PO4) flow rate at 1.5 ml/min detecting at 
10 254 nm; tR := 18.9 min (96.6%). 

Microanalysis Calc'd for C38H33F3N4O3S+O.09 CH2CI2: 
C, 66.27; H, 4.84; N, 8.12; F, 8.26; 
S, 4.64; CI, 0.92 
Found: C, 65.92; H, 3.92; N, 7.81; F, 7.98; 
15 S, 4.56; CI, 0.70. 



20 





9-[4-[2-Oxo-3*[(2-phenoxybenzoyi)amino]- 1 -pyrrolidinyi]butyl}- 
N-(2,2,2'trtfluoroethyl)-9H4luorene*9-c»iboxamkie 



A slurry of Example 3 Part F amine 



(85 mg, 0.40 mmol), and H0BT*xH20 (56 mg) in CH2CI2 
(7 mL) was treated successively with N-methyl 
25 moirpholine (70 uL, 65 mg, 0.65 mmol) and BDAC (89 
mg, 0.46 mmol) at room temperature. After 22 
hours, the mixture was partitioned between EtOAc 
and saturated NaHCOa. The EtOAC extract was washed 
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successively with H2O, 1 N HCl, and brine, then 
dried (Na2S04), filtered, and stripped repeatedly 
from CH2CI2 to give title compound (224 mg, 87%) as 
a white foam. 

5 

TLC: Rf 0.46 (EtOAc) 

MS: (M+H)+ @ 642; (M-H) - 640 

HPLC: YMC S3 CDS column (6.0 x 150 mm); Eluted 

with 40% to 100% B, 20 minute gradient, (A = 90% 
10 H20-10% MeOH-0.2% H3PO4 and B = 10% H2O-90% MeOH- 

0.2% H3PO4) flow rate at 1.5 ml/min detecting at 

254 ran; tp = 19.7 min (100%). 

Microanalysis Calc'd for C37H34F3N3O4 : 

C, 69.26; H, 5.34; N, 6.55; F, 8.88 
15 Found: C, 68.92; H, 5.25; N, 6.42; F, 8.70. 



20 




94443-(Benzoylamino)-2-oxo-1i>yrrolidinyl]butyl)-N-(2,2,2-triflu^ 
9H-fluoren6-9-carboxamlcte 



A solution of Example 3 Part F amine 
hydrochloride (200 mg, 0.415 mmol) and 
triethylamine (TEA) (200 uL, 145 mg, 1.43 mmol) in 
CH2CI2 (4 mL) at O^C was treated with benzoyl 

25 chloride (48 \xL, 58 mg, 0.41 mmol). After 45 
minutes, the mixture was quenced with saturated 
NaHC03 cuid extracted with EtOAc. The EtOAc extract 
was washed successively with H20# 1 N HCl, H2O, and 
brine, then dried (Na2S04) , filtered and stripped 

30 to give title confound (231 mg, 98%) as a white 
foam. 
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TLC: Rf 0.35 (EtOAc) 

MS: (M+H)+ S 550; (M-H)" 548 

HPLC: YMC S3 ODS column {6.0 x 150 mm); Eluted 
with 40% to 100% B, 20 minute gradient, (A = 90% 
5 H2O-10% MeOH-0.2% H3PO4 and B = 10% H2O"90% MeOH- 
0.2% H3PO4) flow rate at 1.5 ml/min detecting at 
254 nm; tR = 16.2 min (96.7%). 

Microanalysis Calc'd for C31H30F3N3O3 + 0,2EtOAc: 
C, 67.34; H, 5.62; N, 7.41; F, 9,59 
10 Found: C, 67.15; H, 5.55; N, 7.13; F, 9.73. 



15 



20 



25 




9-[4-[2-Oxo-3-[[2*(2-pyridinyl)benzoyt]amino]-1-pyrrolidinyl]butyq- 
N-(2,2,2-trifluoroethyl)*9H-fluorene-9-cait)oxarnid^ 



A slurry of Exan^le 3 Part F amine 




HO2C 

hydrochloride (202 mg, 0.419 mmol) , (88 
mg, 0.44 mmol), and l-hydro3cy-7-azabenzotriazole 
(HOAT) (55 mg) in CH2CI2 (3 mL) was treated 

successively with N-methyl morpholine (56 \iL, 52 
mg, 0.51 mmol) and EDAC (87.5 mg, 0.46 mmol) at 
room tenperature. After 18 hours, the mixture was 
partitioned between EtOAc and saturated NaHCOs . 
The EtOAc extract was washed successively with H2O 
and brine, then dried (Na2S04), filtered, and 

stripped. The residue was flash chromatographed 
(Merck Si02, 5/95-MeOH/CH2Cl2 as eluant) to give 
title compound (259 mg, 94%) as a white foam. 
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TLC; Rf 0.47 (l/9-MeOH/CH2Cl2) 
MS: (M+H)"*- @ 627 

HPLC: YMC S3 ODS coluiiui (6.0 X 150 mm); Eluted 
5 with 40% to 100% B, 20 minute gradient, (A = 90% 
H2O-10% MeOH-0.2% H3PO4 and B = 10% H2O-90% MeOH- 
0.2% H3PO4) flow rate at 1.5 ml/min detecting at 
254 nm; tR = 11.6 min (98.9%), 

Microanalysis Calc'd for C36H33F3N4O3+O.35 CH2CI2: 
10 C, 66.51; H, 5.18; N, 8.54; F, 8.68 

Found: C, 66.88; H, 5.07; 8.36; F, 7.91. 




944-{3-Q2-(4-MorprK>Bnyl)beruoyl]aminoh2K>xo-1-pyrrolMi^^ 
-| 5 N-(2,2,2>trifluoroethyl)-9H-fluorene-9-carboxamide, monohydrochloride 

A slurry of Example 3 Part F amine 




hydrochloride (200 mg, 0.415 inmol), (111 
mg, 0.53 ramol), and HOAT (53 mg) in CH2CI2 (5 mL) 

20 was treated successively with N-methyl morpholine 
(100 uL, 93 mg, 0.91 mmol) and EDAC (90 mg, 0.47 
mmol) at room temperature. After 20 hours, the 
mixture was partitioned between EtOAc and 
saturated NaHCOs. The EtOAC extract was washed 

25 successively with H2O and brine, then dried 

(Na2S04) , filtered, and stripped to give an oil. 
The residue was flash chromatographed (Merck Si02, 
5/95-MeOH/CH2Cl2 as eluant) to give the free base 
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of title conpound (141 mg, 53%) as pale yellow 
oil. The oil was dissolved in 1,4-dioxane (2 mL) , 
treated with 4 N HCl in 1,4-dioxane (150 yiL) and 
added via cannula to rapidly swirling Et20 (30 mL) . 
5 The precipitate was collected by filtration and 
dried in vacuo to give title compound (101 mg, 35% 
from Example 3 Part F conpoxind) as a pink solid. 

TLC: Rf 0,64 (l/9-MeOH/CH2Cl2) 

10 MS: (M+H)+ @ 635 

HPLC: YMC S3 ODS column (6.0 x 150 mm); Eluted 
with 40% to 100% B, 20 minute gradient, (A = 90% 
H2O-10% MeOH-0.2% H3PO4 and B = 10% H2O-90% MeOH- 
0.2% H3PO4) flow rate at 1.5 ml/min detecting at 

15 254 nm; tR = 16.9 min (98.7%). 

The following Examples represent preferred 
embodiments of the invention and may be prepared 
employing procedures described herein. 

20 
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mssmoBtlsLJJL 





5 -Ha 




•HCI 

15 
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I 




•HQ 
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ExanmlftB 20 to 202 
Table A 



P'' O W 



5 




R» R« R* 



B H a r 

10 B B B ^ 



B 



15 



B 



B 
B 

OCHj 
B 



F 



CI 



B 



CI 



20 
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Table A (continued) 













5 


H 


a 
a 


a 
a 


a 




H 


a 


Cl 


a 




H 


a 


a 






a 


a 


a 


a 


10 


a 


a 


a 


Cl 




a 


H 


CB3 


a 




a 


CB3 


a 




SCB3 


a 


a 


a 




a 


a 


0CB3 


a 


15 


a 


a 


a 


8ca3 




a 
a 


a 

a 


a 
a 


a 

^-CH2-=-H 




a 
a 


a 


a 
a 


a 

^CH2-<1 
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pxanple 208 





15 



89 



t 



wo 97/43257 PCTAJS97/07603 




15 



90 



wo 97/43257 



PCTAJS97/07603 




CF3 

15 
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10 giMMPle 231 
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IS 
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NH O 




r 




97 



wo yfiAaaisn 




5 




NO2 

10 ffffitiimrilr i^ff^ 
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g«MPle 259 

O 



5 




10 gfasBls-afl 




15 



-99- 



wo 97/43257 



PCTA;S97/07M3 




15 



-100- 



wo 97/43257 



PCT/US97/07d03 




15 



101 - 



wo 97/43257 



PCT/US97/07603 




15 



•102- 



PCT/US5^/07603 

w^ft^r^ A 278 



O 




( Z ) -N- [ 1- ( 5 , 5-Diphenyl-2-pentenyl ) -3 - 
pyrrolidinyl] -2-phenoxybenzamide 
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2, 3-Dihydro-2- (1- [3-phenyl-3- (4-propylphenyl) - 
propyl] -3 -pyrrolidinyl] -iH-isoindol-l-one, 

monohydrochloride 



5 

Example 28A 
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Kff«"VT« 288 




Example 289 
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OH 





10 




rrffiBPi'i* * 296 
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2C0 
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5 




Example 300 

O 




302 

0 
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Evttupl^ 311 
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5 H CHs 
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Exeunple 323 




N 
H 



Me 




o 

H CH, 



10 
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330 




Example 331 




10 




333 
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STtff"\r''^ 335 




Additional conpounds falling within the 
scope of the present invention are described by 
10 the following structures. Substituents for each 

exaziple are identified in the tcdole following each 
structure. 



«Pttble B 
W 




15 (WhereWlsHpHorO) 

where R^^ is (a) , (b) , (c) , (d) or (e) as in Table 



Exn^lmm of Q 

20 



o 
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Table C 



Oi'^-"^ (X'^-"' Cr'r^"- 



(Where W is H, H or O) 



10 







OCHs 



CF3 




CI 



OCH3 




CI 








CH3 
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Table C (contlniiA^) 
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X2 for Table C = H or F 
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X^aHorF.WsH,HorO O 

Example of R 

OMe 

HO ^\ 0-^ 

P^^v^ cr HO ^' " 



o 
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Table F 



W 




3 Fluorenyl-Type Compounds 



Wis H.HorO 





0 




0 

Y = ^^Kr 

H ^ 


0 


0 

II 

or R>^S\ R = propyl or CF3CH2 

or 



Fluorenyl-Type Rings: Z = 

CFa 






G s CHa, O, S, SO, SO2 
El 














F F 
G = CH2t Ot S, SO, SO2 
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Tabie G 




IndenyhType Rings: Z = 
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Example of R 
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cis-9- [4- [3- (2 , 3-Dihydro-lH-isoindol-2- 
y 1 ) - 1 -pyrrol idinyl ] butyl ] -N-propy 1 - 9H- 
5 f luorene-9-carboxainide, N-oxide 

2- [1- [4- [9- (Butylsulfonyl) -gH-fluoren-S-ylJbutyl] - 
3-pyrrolidinyl] -2, 3-dihydro-lH-isoindol-l-one 

10 



15 



20 



25 



30 



9- [4-1 (3- [ (1, l-Dimethyletho3Qr)carbonyl] amino] -1- 
pyrrolidinyl] butyl] -2, 7-difluoro-N- (2, 2, 2- 
trif luoroethyl) -9H-fluorene-9-carboxamide 



9- [4-. [3« [ (2-Phenoxybenzoyl)axnino] -1 -pyrrol idinyl] 
butyl] -N- (2, 2, 2-tri£luoroethyl) -9H-f luorene-9- 
carlDOxamide , monohydrochlor ide 



9- [4- [ (3- (Benzoylamino) -1-pyrrolidinyl] butyl] - 
2, 7-dif luoro-N- (2, 2, 2-trif luoroethyl) -9H- 

f luorene-9 -carboxamide 

Example 342 

9-[4-[[3-(l, 3-Dihydro-l , 3-dioxo-2H-isoindol-2-yl) 
l-pyrrolidinyl)butyl] -2 , 7-di£luoro-N- (2,2, 2-tri- 
f luoroethyl ) -9H- f luorene-9-carboxamide 

2, 7-Dif luoro-9- (4- [ (3- [ (2-phenoxyJDenzoyl)aiaino] -1 
pyrrolidinyl ] butyl ] -N- (2,2, 2 -tr if luoroethyl) -9H- 

f luorene- 9 -carboxamide 



35 
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10 



15 



35 



9- [4- [3- (Benzoylamino) -1 -pyrrol idinyl ] butyl ] -N- 
(2,2,2- tri f luoroethyl ) - 9H- f luorene- 9 - 
carboxamide, monohydrochloride 

2, 3-Dihydro-2-[l-' [4- [9- (1-oxopentyl) -9H- 
fluoren-9-yl] butyl] -3-pyrrolidinyl] -IH- 
isoindol-l-one , monohydrochloride 

2 , 3-Dihydro-2- [1- ( l-oxo-3 , 3 -diphenylpropyl ) -3 - 
pyrrolidinyl] -IH-isoindol-l-one 



[1- [4- [9- [ (Propylamino) carbonyl] -9H-f luoren- 
9-yl ] -butyl J -3 -pyrrolidinyl ] carbamic acid, 
phenylmethyl ester, monohydrochloride 

20 «»*"w;\if 



9- [4- [3- (2, 3-Dihydro-l-oxo-lH-isoindol-2-yl) -1- 
pyrrolidinyl ] butyl ] -N- (2 , 2 , 2- tri f luoroethyl ) -9H- 
fluorene-9-carboxamide, hydrochloride salt 

25 P>ffi!WP^,» "^4? 



9- [4- [3-(2,3-Dihydro-l-oxo-lH-isoindol-2-yl)-l- 
pyrrolidinyl ] butyl ] -N- ( 2 , 2 , 2 - tri f luoroethyl ) -9H- 
fluorene-9-carboxamide, hydrochloride salt 

30 fffftinrlir ?frft 

9- [4- [3- (Benzoylamino) -l-pyrrolidinyl)butyl] - 
N-pr opy 1 - 9H- f luor ene - 9 - carboxamide 



9- [4- [3- (l,3-Dihydro-l,3-dioxo-2H-isoindol-2-yl) 
1 -pyrrol idinyl] -butyl J -N-propyl-9H- 
f luor ene - 9 - carboxamide 
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9- [4- [3- (2, 3-Dihydro-l-oxo-lH-isoindol-2-yl) -1- 
pyrrol idinyl ] butyl ] -N- (2,2,3,3,4,4, 4-heptaf luoro- 
butyl ) -9H- f luorene- 9 -carboxamide , monohydrochlor ide 



ExaniDle 353 

9- [4- [ [3- [ (1, l-Dimethylethoxy) carbonyl] amino] - 
1-pyrrolidinyl] butyl] -3 , 6-dif luoro-N- (2,2,2- 
t r i f luor oe t hy 1 ) - 9 H - f 1 uor ene - 9 - carboxami de 



10 



15 



l-[4-t3-(l,3 -Dihydro- 1-OXO-2H- isoindol-2 -y 1 ) 
1-pyrrolidinyl) butyl] -2-methyl-N- (2,2,2- 
trif luor oe thy 1 ) -lH-indene-1- carboxamide 



9- (4- [3- (1, 3-Dihydro-l -OXO-2H- isoindol-2 -yl) - 1- 
pyrrol idinyl } butyl ] -N- (2,2,3,3,3 -pen taf luor o- 
propyl) -9H-f luorene-9-carboxamide, 
monohydrochlor ide 



1- (4- [3- (1, 3-Dihydro-l-oxo-2H-isoindol-2-yl) -1 
pyrrolidinyl ] butyl ] -N- (2,2, 2-trif luoroethyl) - 
20 IH- indene - 1 - carboxcunide 



9- [4- [3- (Benzoylamino) - 1-pyrrolidinyl ] butyl] - 
3 , 6-dif luoro-N- (2,2, 2- trif luoroethyl ) - 
9H- f luorene - 9 -carboxaunide 

25 

3 , 6-Dif luoro-9- (4- [3- [ (2-phenoxybenzoyl)amino] -1 
pyrrolidinyl] butyl] -N- (2, 2, 2-trif luoroethyl) - 
9H- f luorene- 9 -carboxamide 



-131 - 



wo 97/43257 



PCT/US97/07603 



Please note that in the Examples 359 to 477 
for structures bearing only two single bonded 
substituents to nitrogen, the third substituent is 
5 always hydrogen, but it is not shown explicitly in 
the structures. Also, please note that in the 
Examples 359 to 475 for structures bearing oxygen 
and sulfurs with only one single bonded 
substituent, the second substituent is always 
10 hydrogen, but is not shown explicitly in the 
structures. 

Example No. 



359 



360 




15 



132 



wo 97/43257 



PCT/US97A>7M3 




362 




CI 



363 
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369 
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402 



403 
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416 



417 



418 



419 




• 

• 
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425 



426 



427 
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437 



438 
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458 



459 
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473 



474 



475 
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9 - [ 4 - [ 3 - [ ( Phenoxycarbonyl ) amino ] - 1 -pyrrol idinyl ] 
butyl) -N- (2, 2,2-trif luoroethyl) -9H-f luorene-9- 
carboxamide , monohydrochloride 

5 ?^f"r^ir fi77 

9 - (4- [3 - [ t ( Phenylainino)carbonyl] amino] -1-pyrr ol- 
idiny 1 ] butyl J -N- ( 2 , 2 , 2 - tr i f luoroe thy 1 ) - 9H- 
f luorene- 9 -carboxamide , monohydrochloride 

10 

9- [4- [3- I (Phenylsulfonyl) amino] - 1 -pyrrol idinyl ] - 
butyl] -N- (2 , 2 , 2-trif luoroethyl) -9H-f luorene-9- 
carboxamide , monohydrochloride 

15 yrW^yJ^ 479 



NHCOatBu 




CONHCHaCFa 



Example AflO 

20 cis-9- 14- [3- { (2-Phenoxybenzoyl) amino] -1- 

pyrrolidinyl] butyl] -N- (2,2, 2-trif luoroethyl) - 
9H-fluorene-9-carboxamide, N-oxide 

25 9- [4- (3- [ (2-Phenoxyben2oyl) amino] -1-pyrrol idinyl] 

4-oxobutyl] -N- (2,2, 2-trif luoroethyl) -9H- 

f luorene- 9 -carboxamide 
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N ' 



NHCOPh 




CONHCH^Fa 



5 B!i;f"\p?ii^ 4?? 

9- [4- [3- [ [ (1, 1 -Dime thy lethoxy)carbonyl ] amino] -1- 
pyrrolidinyljpentyl] -N- (2 , 2, 2-trif luoroethyl) - 

9H- f luorene- 9 -carboxamide 

9- [4- [3- [ [ (2-Phenoxyphenyl) sulfonyl] amino] -1- 
pyrrolidinyl ] butyl 1 -N- (2,2,2- tr i f luoroethyl ) - 
9H- f luorene- 9 -carboxaraide , monohydrochlor ide 

15 Fri^Tfr^ff 

[l-[[[2-t9-[[(2,2,2- 
Trif luoroethyl) amino) carlx)nyl] -9H-f luoren-9- 
yl ] ethyl ] amino ] carbonyl 1 - 3 -pyxrolidin-yl 1 carbamic 

acid, 1,1-dimethylethyl ester 



20 



25 



9- [2- 1 1 [3- (B«izoylamino) -1 -pyrrol idinyl] carbonyl] - 
amino] ethyl ] -N- { 2 , 2 , 2 -tr if luoroethyl ) - 
9H- f luorene- 9 -carboxamide 



3 - 1 [ ( 1 , 1-Diroethylethoxy ) carlaonyl ] amino] -1 -pyrrol - 
idinecarboxylic acid, 2- (9- ( t (2 , 2 , 2-tr if luoro- 
ethyl) amino] carbonyl] -9H-f luoren-9-yll , 
30 ethyl ester 
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Example 488 

3- [ (2-Phenoxybenzoyl)amino] -1-pyrrolidine- 
carboxylicacid, 2- [9- [ [ (2,2,2-trif luoroethyl) - 
amino] carbonyl] -9H-fluoren-9-yl) ethyl ester 

Example 489 

9- [4- [3- 1 (2-Phenoxybenzoyl) amino] -1-pyrrolidinyl] 
pentyl] -N- (2 , 2 , 2-trif luoroetliyl) -9H-f luorene-9- 

carboxamide , monohydrochlor ide 

Example 490 

9- [2 - [ [ [3 - ( (2-Phenoxyb€n2oyl) amino] -1- 
pyrrolidinyl ] carbonyl ] amino ] ethyl ] -N- (2,2,2- 
tr i f luoroe thy 1 ) - 911- f luorene - 9 -carboxamide 



15 Example 491 

3- (Benzoylamino) -1-pyrrolidinecarboxylic acid, 
2-[9-[[(2,2, 2-trif luoroe thy 1) amino] carbonyl] - 

9H-£luoren-9-yl] ethyl ester 



10 



20 



Example 492 

9- [4- (3- (Benzoylamino) -1-pyrrolidinyl] pentyl J 
N- (2, 2, 2-trif luoroethyl) -9H-f luorene-9- 
carboxaraide , monohydrochlor ide 



9- {4- [3- 1 1 (1, 1 -Dime thy lethoxy) carbonyl] amino] - 
1-pyrrolidinyl] butyl] -N- (2,2, 2- trif luoroethyl) 
25 9H- thioxanthene- 9 - carboxamide 



9- [4- (3 - (Benzoylamino) -1-pyrrolidinyl] 
butyl ] -N- ( 2 , 2 , 2 - tri f luoroethyl ) - 9H- 
thi oxan t hene - 9 - carboxamide 

30 
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9-[4-[3-t[(2- Phenoxypheny 1 ) carbony 1 ] amino ] 
1-pyrrolidinyl] butyl ] -N- (2,2, 2-trif luoro- 
e thy 1 ) - 9H- thioxanthene- 9 - carboxamide 



5 ExMtPle 496 




R isomer 



(R)-9-[4-{3-((2-Phenoxybenzoyl)amino]-1-pyrrolidinynbutyl]-N-(2.2,2- 
trifluoroethyl)-9H*fluofene-9-carboxamicle. monohydrochlonde. 

m.p. 112-115°C 
10 MS (ES, + ions) : m/z 628 (M+H) 

Anal. Calcd for C37H36F3N3O3 + 1.0 HCl + 0.9 H2O: 

C, 65.32; H, 5.75; N, 6.18; F, 8.38; 

CI, 5-21 

Found: C, 65.30; H, 5.59; N, 6.01; F, 8.83; 
IS Cl, 5.35. 




S isomer 
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(S)-9-l4-I3^(2-Phenoxyben2oyl)amlno)-1-pyrrolidinyI)butylJ-N-(2.2.2- 
trlfluoroethyl)-9H-fluorene-9-carboxamide, monohydrochloride. 



m,p. 98-103«>C 

MS [ES, + ions) : m/z 628 (M+H) . 

Anal. Calcd for C37H36F3N3O3 4^ 1.0 HCl + 1.5 H2O: 

C, 64.30; H, 5.83; N, 6.08; F, 8.25 
Found: C, 64.34; H, 5.63; N, 5.90; F, 8.46. 



10 




• Ha 

R isomer 

(R)-N-(2,2,2-TrHlLK)^oethyl).9^4-[3^[4••(l ,1,1 -trif luoromethyl)[1 , V-biphenylJ. 

2-yl]carbonyl}aminoJ-1-pyrrolidinyObutyO-9H-fIuorene-9K:arboxamide, 
monohydrochloride. 



15 



m.p. 108-112®C 

MS (ES, + ions) : m/z 680 (M-fH) 

Anal. Calcd for C38H35F6N3O2 + 1.3 HCl + 2.1 H2O: 

C, 59.67; H, 5.34; N, 5.49; CI, 6.03 
Found: C, 59.75; H, 5.00; N, 5.18; CI, 5.75. 
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gxaianle 499 




•HCI 

S isomer 

(S)-N-(2.2,2-Trifluoroethyl)-9-I4-[3-[[4'-(1 ,1 .1 -trif luoromethyl)I1 ,1 '-biphenylj- 

2*yl]carbonyQanrurx)]-1-pyrrolidinyl]butyl]-9H-fluorene-9*c^ 

monohydrochloride. 



5 m.p. IOI-IO50C 

MS (ES, + ions) : m/z 680 (M+H) . 
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10 



mt: Tfl nnlmad l«t 

1. A compound which has the structure 




o o 

where Ql8 — c— or — s— 

II 

o 



W 



W is H,H Or 0; 



Xi8:CHR^ -C— ;^H— CH- or 'f=^'f 

O J^io R^« 

R^, and R^^ are independently hydrogen, al)qrl, 
alkenyl, alkynyl, aryl, arylalkyl, heteroaryl, 
heteroarylalkyl, cycloalkyl, or cycloalkylalkyl; 

15 Ri is alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, arylalkyl, diarylalJq^l , arylalkenyl/ 
diarylalkeny 1 , arylalkynyl , diarylalkynyl , 
diarylalkylaryl , heteroarylalkyl, cycloalkyl, or 
cycloalkylalkyl, all optionally substituted 

20 through available carbon atoms with 1, 2, 3 or 4 
groups selected from halo, haloalkyl, alkyl, 
alkenyl, alkoxy, aryloacy, aryl, arylalkyl, 
alky Imercapto , ary Imercapto , cycloall^l, cyclo- 
alkylalkyl, heteroaryl, fluorenyl, 

25 heteroarylalkyl, hydroxy or oxo; 

or R^ is a fluorenyl -type group of the 
structure 
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or 




»16 



lis 



or 



R«-22 



R« 




.16 R^* 



or 



R«- 




; or 



r1 is cm indenyl-type group of the 



structure 



10 




" (CHa), 
E 

(a = 2,3 or 4) 



lis 



h1«« (CHa). 



lU 



lit* 



or 



or 



i13 



.14 




or 



15 



and z2 are the same or different and are 
independently a bond, 0, S, 



^ . A • -NH-C- .-N C- . -C- 

O \o;2 O alkyl O O 



or 



H 

— C— 
OH 
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10 



15 



20 



25 



30 



with the proviso that with respect to fi, at least 
one of and will be other than a bond; R^^ is 
a bond, alkylene, alkenylene or alkynylene of up 
to 10 carbon atoms; arylene or mixed arylene- 
alkylene; Rl2 is hydrogen, alkyl, alkenyl, aryl, 
haloalkyl , tr ihaloalkyl , tr ihaloalky lalkyl , 
heteroaryl, he teroary lalkyl, arylalkyl, 
arylalkenyl, cycloalkyl, aryloxy, alkoxy, 
arylalkoxy or cycloalkylalkyl, with the provisos 
that 

(1) when Ri2 is h, aryloxy, alkoxy or 

-NH-c— •— N c— — c— 

arylalkoxy, then Z2 is O alkyi O • o 

or a bond and 

(2) when Z^ is a bond, Ri2 cannot be 
heteroaryl or heteroary lalkyl ; 

Z is bond, 0, S, N-alkyl, N-aryl, or 
alkylene or alkenylene from 1 to 5 carbon atoms; 
Rl3, r14^ r15^ and Rl^ are independently hydrogen, 
alkyl, halo, haloalkyl, aryl, cycloalkyl, cyclo- 
heteroallqrl , alkenyl, alkynyl, hydroxy, alkoxy, 
nitro, amino, thio, alkylsulf onyl , arylsulfonyl, 
alkyl thio, aryl thio, aminocarbony 1 , alkylcarbon- 
yloxy, arylcarbony lamino , alkylcarbony lamino , 
arylalkyl, heteroeuryl, heteroary lalkyl or aryloxy; 

Ri5a and R^^^ are independently hydrogen, 
alkyl, halo, haloalkyl, aryl, cycloalkyl, cyclo- 
heteroalkyl, alkenyl, alkynyl, alkoxy, alkyl- 
sulf onyl, arylsulfonyl, alkyl thio, arylthio, 
aminocarbonyl , alkylcarbony loxy , arylcarbony 1 - 
amino, alkylcarbonylamino , arylalkyl, heteroaryl, 
heteroarylalkyl , or aryloxy; 



wherein p is 1 to 8 and R^'^ and R^^ are each 
independently H, alkyl, alkenyl, aryl, arylalkyl. 



or R^ is a group of the structure 



R 



17 
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heteroaryl, heteroary lalkyl , cycloalkyl or 
cycloalkylalkyl at least one of R^'' and R^^ being 

other than H; 

or r1 is a group of the structure 




wherein R^^ is aryl or heteroaryl; 
r20 is aryl or heteroaryl; 

r21 is H, alkyl, aryl, alkylaryl, arylalkyl, 

10 aryloxy, arylalkoxy, heteroaryl, heteroary lalky 1 , 
heteroarylalkoxy, cycloalkyl, cycloalkylalkyl or 
cycloalkylalkoxy ; 

r2, r3, r4 are independently hydrogen, 
halo, alkyl, alkenyl, alkoxy, arylojQ^, aryl, 

15 arylallQrl, alkylmercapto , arylmercapto , 
cycloalkyl, cycloalkylalkyl, heteroaryl, 
heteroarylalkyl , hydrojQr or haloalkyl; 

r5 is independently alkyl, alkenyl, alkynyl, 
aryl, alkoxy, aryloxy, arylalkoxy, heteroaryl, 

20 arylalkyl, heteroarylalkyl, cycloallqrl, cyclo- 
alkylalkyl, polycycloalkyl, polycycloalkylallQrl, 
cycloalkenyl, cycloheteroalkyl , heteroaryloxy, 
eye loalkeny lalkyl, polycycloalkenyl , polycyclo- 
alkeny lalkyl , heteroarylceurbonyl, amino, alkyl- 

25 amino, arylamino, heteroary lamino , cycloalkyloxy, 
cycloalkylamino, all optionally substituted 
through available carbon atoms with 1, 2, 3 or 4 
groups selected from hydrogen, halo, alkyl, 
haloalkyl, alko3Q^, haloalkoxy, alkenyl, alkynyl, 

30 cycloalkyl, cycloalkylalkyl, cycloheteroalkyl, 
cycloheteroalkylalkyl, aryl, heteroaryl, 
arylalkyl, arylcycloalkyl, arylalkenyl, 
arylalkynyl, aryloxy, aryloxyalkyl , arylalkoxy, 
arylazo, heteroaryloxo, heteroarylalkyl, 

35 heteroarylalkenyl , heteroaryloxy, hydroxy, nitro, 
cyano, amino, substituted amino, thiol, alkylthio. 
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arylthio, heteroarylthio, arylthioalkyl, 
alkylcarbonyl , arylcarbonyl , arylaminocarbonyl , 
alkoxycarbonyl , aminocarbonyl , alkynylamino- 
carbonyl, alkylaminocarbonyl , alkenylamino- 
5 carbonyl, alkylcarbonyloxy, arylcarbonyloxy, 
al]^lcarbonylamino, ary Icarbonylamino , arylsul- 
finyl, arylsulfinylalkyl, arylsulfonyl, alkylsul- 
fonyl, arylsulfonylamino, heteroary Icarbonylamino , 
heteroarylsulf inyl, heteroarylthio , heteroaryl- 

10 sulfonyl, alkylsulf inyl; 

r6 is hydrogen or .C1-C4 alkyl or C1-C4 
alkenyl; all optionally substituted with 1, 2, 3 
or 4 groups which may independently be any of the 
substituents listed in the definition of r5 set out 

15 above; 



and 




are the same or different and are independently 
selected from heteroaryl containing 5- or 6 -ring 
20 members; and 

an N-oxide ' ^ thereof; stereoisomers 

thereof; and a pharmaceutical ly acceptable salt 
thereof . 

2. The compound as defined in Claim 1 
25 having the formula 



rB W 



or 
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or 



or 



or 






an N- oxide 



>— N- 

O w 



O 




thereof, and a 



10 



pharmaceutically acceptable salt thereof. 

3 . The compound as defined in Claim 1 
having the formula 




N-R^ 



4. The compound as defined in Claim 3 
where is arylalkyl, heteroalkylalkyl or 

1 5 cycloalkyl-alkyl . 

5. The compound as defined in Claim 1 
having the formula 



Le V-N-R' 



II 



w 



or 



W 
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6, The compound as defined in Claim 1 
having the formula 



R w 



7. The compound as defined in Claim 1 
wherein is 



10 



J6 



lis 




or 



or 



R«-2* 




or 



-R^^-Z! 



R«-Z^ 





15 



8. The compound 
wherein is 



as defined in Claim 7 



20 



-.oil 




or 



R«- 2^ 




h 1 
Z is a bond, O or S; 

R^3^ r14^ r15 and R^^ are each H or one of 
r15 anci 1^16 and one of R^^ and R^^ are halogen; 
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is a bond or C=0; 
R^i is alkylene or alkenylene; 

o 

II 



o 



r12 _ 2^ is R^^*-NH"C ; or 

Rl2a is alkyl, fluorinated lower alkyl or 
polyf luorinated lower alkyl. 

9. The compound as defined in Claim 1 
having the structure 



10 



15 



20 





Z is O, S or a bond; 

R^^ and are independently H or F; 

Z^ is a bond; 

r11 is alkylene; 

o o 

r12-z2 is alkyl- NH-c— or R^^-NHC- ; 



and 



Ri2a is alkyl, fluorinated lower alkyl or 
polyf luorinated lower alkyl. 

10. The compound as defined in Claim 9 
wherein R^^ is -{CH2)4-. is a bond, and r12-z2 is 



O 

II 



o 

II 



CHaCCHah-rjpC 



or 



CFsCHj-IJ-C 



11. The compound as defined in Claim 9 
having the structure 





where R^^ and R^^ are independently H or F, and R^^ 
25 is trifluoromethylalkyl or alkyl. 
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12. The compound as defined in Claim 9 
having the structure 





w 



where R^^ ig alkyl, and R^^ and R^^ ^re 
independently H or F. 

13. The compound as defined in Claim 1 
wherein Ri is arylalkyl, arylalkenyl , 
heteroarylalkyl , heteroarylalkenyl , 




10 

where R^^ is alkylene or alkenylene; R^2 is h, 
alkyl, alkenyl, aralkyl, aralkenyl; and R^^ is H or 
F; and R^^ is H or F; Z is O, S or a bond; or R^ is 

(CHa)p— < 

15 wherein (CH2)p represents an alkylene chain or cis 
alkenylene of up to 6 carbons; 

rI*' and Rifi are each independently alkyl, 
alkenyl, aryl, arylalkyl , he teroaryl , heteroaryl- 
allQrl, cycloalkyl, cycloallQrlalky 1 ; or R^ is 

— R" <^ 

20 R" 

r15 is aryl or heteroaryl; r20 is aryl or 

heteroaryl ; 

r21 is H, alkyl, aryl, alkylaryl, arylalkyl, 
arylo3cy, arylalkoxy, heteroaryl, heteroarylalkyl, 
25 heteroarylalkoxy, cycloalkyl, cycloalkylalkyl, or 
cycloall^lalkoxy . 



176 



wo 97/43257 



PCT/USy7/O7603 



14. The compound as defined in Claim 1 
wherein is an indenyl-type group of the 
structure 




(a s 2,3 or 4) 




16a 



or 



or 



>13 



»14 



or 



R"— z 



■laa 



















> 






R«« 



15. The corapoiind as defined in Claim 1 
10 having the structrure 



15 



R* ^ 
W 




o o 

wtwroQIs -C— *>' — 8— 

o ; 

Z is a bond, 0 or S; 

where is cycloalkyl. phenyl, aryl, 
heteroaryl. or cycloalkyl. phenyl, aryl or 
heteroaryl, independently substituted at the ortho 
position with alkyl, alkoxy, haloalkyl (optionally 
substituted with up to 5 halogens) , trifluoro- 
methyl. aryl, aryloxy. haloalkoxy (optionally 
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substituted with up to 5 halogens), arylalkyl or 
arylalkoxy; 

is H or CH3; 

Rl3 and Rl5 are independently H or F; 
S Zl is a bond; 

R^^ is alkylene; 

O p 
Rl2 . 22 is atkyl-NH-C— or CFaalkylNHC— 

or 22 is a bond and r" is alkyl. 

16. The compound as defined in Claim 15 
wherein R" is -(CHj)*-, Zi is a bond, and Ri2_z2 

» o 

CH3(CHal2 -^C- CFsCHa- N- c- 

^^^^ 

17. The compound as defined in claim 15 
having the structure 



15 



10 




and Rl2 is trifluoromethylalkyl or alkyl. 

18. TOie coa«>ound as defined in Claim 15 
having the structure 



1^ alkylene- C 
w O 




20 where Ri2 is alkyl. 

19. The compound as defined in Claim 1 
wherein Ri is a group of the structtire 
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-r"-z! 




f|15a (CH2)a 

(a = 2,3 or 4) 



or 




10 



15 



20. The con4)ound as defined in Claim 1 
having the structure 

o 



»13 





Z is 0, S or a bond; 

r13 and R^^ are independently H or F; 

is a bond; 
r11 is alkylene; 



o 

alkyl— S— 

o 



o o o 

ni2a_s_ alkyl- c- or r««-c— 

o • ; and 

Rl2a is alkyl, fluorinated lower alkyl or 
poly fluorina ted lower alkyl. 

21. The compound as defined in Claim 1 

having the structrure 



3' 




O 

tt 

where Q Is — C— 



or — 



O 

II 

s— 



n 
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Z is a bond, 0 or S; 
where r5 is cycloalkyl, phenyl, aryl, 
heteroaryl, or cycloalkyl, phenyl, aryl or 
heteroaryl, independently substituted at the ortho 
5 position with alkyl, alkoxy, haloalkyl (optionally 
substituted with up to 5 halogens) , trifluoro- 
methyl, aryl, aryloxy, haloalkoxy (optionally 
substituted with up to 5 halogens), arylalkyl or 
arylalko^Qf; 

is H or CH3; 

and R^S independently H or F; 
is a bond; 
R^i is alkylene; 

I? O 
alkyi— s— R*^-S— 

r12 , 22 is O • o ' 

p o 

15 alkyI— c— or R^^^-c— 

Ri2a is alkyl, fluorinated lower alkyl or 
polyfluorinated lower alkyl, 

or Z2 is a bond and Ri2 is alkyl, 

22 . The compound as defined in Claim 1 
20 which is 

9-(4-I3-[ (2-phenoxybenzoyl ) amino] -1- 
pyrrolidinyl 1 butyl ] -N- ( 2 , 2 , 2 - trif luoroethyl ) 
f luorene- 9 - carboxamide , 

9- [4- [3- (benzoylamino) -1-pyrrolidinyl] - 
25 butyl] -N- (2, 2, 2-trif luoroethyl) -9H-f luorene-9- 
carboxamide, 

(R) -9- (4- [3- [ (2-phenoxybenzoyl) amino] -1- 
pyrrolidinyl] butyl] -N- (2,2, 2-trif luoroethyl ) -9H- 
f luor ene - 9 - carboxamide , 

(S) -9- [4- [3- ( (2-phenoxybenzoyl) amino] -1- 
pyrrol idinyl J butyl ] -N- ( 2 , 2 , 2 - trif luoroethyl ) -9H- 
f luorene - 9 - carlDoxamide , 

(R) -N- (2,2, 2-trif luoroethyl) -9- [4- [3- [ [4 • - 
(1, 1, 1-trifluoromethyl) [1,1 ' -biphenyl]-2- 



30 
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yl] carbonyl) amino] -1 -pyrrol idinyl] butyl] -9H- 

f luor ene- 9 -carboxamide , 

(S) -N- (2, 2.2-trif luoroethyl) -9- [4- [3- [ [4 ' - 

( 1 1 1- trif luoromethy 1 ) I 1 . 1 ' -biphenyl ] -2-yl ] - 
5 carb^nyllaininol-l-pyrrolidinyl]butyl]-9H-fluorene- 

9 -carboxamide , 

9- [4-12-0X0-3- ( I [4 • - (trif luoromethyl) H. 1 ' - 

biphenyl ] - 2 -yl ] carbonyl 1 amino ] - 1 -pyrrol idinyl ] - 
butyl ] -N- ( 2 , 2 , 2- trif luoroethyl ) -9H- f luorene- 9- 

10 carboxamide, 

9- [4- 13- [ 12- ( 2 -benzothiazolyl) benzoyl] - 

amino ] - 2 -oxo- 1 -pyrrolidinyl 1 butyl ] -N- ( 2 . 2 , 2 - 
trif luoroethyl ) -9H-f luorene-9-carboxamide . 

9- [4- [2-OXO-3- 1 (2-pheno3Vbenzoyl) amino] -1- 
15 pyrrolidinyllbutyl] -N- (2 . 2 . 2 -trif luoroethyl) -9H- 
f luorene- 9 -carboxamide , 

9- 14-13- (loenzoylamino) -2-oxo-l- 
pyrrolidinyllbutyl] -N- (2 , 2 , 2- trif luoroethyl) -9H- 
fluorene-9-carboxamide, 

9- [4- 12-OXO-3- [ [2- (2-pyr idinyl) benzoyl 1 - 
amino] -1 -pyrrolidinyl] butyl] -N- (2 . 2 . 2-trif luoro- 
ethyl ) -9H-f luorene-9-carboxamide , or 

9- [4- (3- [ 12- (4-morpholinyl)benzoyllamino] - 
2-1-pyrrolidinyllbutyll -N- (2 . 2 . 2-trif luoroethyl ) - 
25 9H-fluorene-9-carboxamide, 

or a pharmaceutically acceptable salt 

thereof . . . 

23. A method for preventing, inhibiting or 

treating atherosclerosis, pancreatitis or obesity 
30 in a mammalian species, which comprises 

administering to a patient in need of treatment a 
therapeutically effective amount of a compound as 
in Claim 1. 
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24. A method of lowering serum lipid 
levels, cholesterol and/or triglycerides, or 
inhibiting and/or treating hyperlipemia, hyper- 
lipidemia, hyperlipoproteinemia, hypercholes- 
terolemia and/or hypertriglyceridemia, which 
comprises administering to a patient in need of 
treatment a therapeutically effective amount of a 
compound as defined in Claim 1. 
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^' ^ I^t^^'^.ll'ili^Tf'l r'l"""!?' T*? *° Co««q«enUy. thb international -an* «port i. 

rcnnctcd lo the invention Cm mentioned in the cUinu; it it covered by ctaim* Not.: 



Remark on Plroiat The additkmal acanh fee* were accompanied by the applicant's pioieit. 

No praictt aecompanied the payment of additional teaich feea. 
Pom PCT/ISA/2I0 (contanuatkm of fint abeet(l)XJuly 1992)* 
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INTERNATIONAL SEARCH REPORT 



Intematioful application No. 
PCTAJS97/076fl3 



A. CLASSIFICATION OF SUBJECT MATTER: 
IPC (6): 

C07D 207/12, 209/12. 209/34. 217/24, 401/04; A61K 31/405, 31/47. 31/395 

A, CLASSinCATION OF SUBJECT MATTER: 
USCL : 

514/309. 417, 418. 419, 423, 424; 546/141; 548/472, 473. 484. 485. 486. 528. 530. 532. 533 

BOX U. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple invcntioni as follows: 

Thia appUcalion oontaini Uie following inventsona or gfoupa of tnvcmiona which are not to linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search 
fees must be paid. 

Group 1. claims M, 7-14, 19, 20 and 22-24, drawn to mixed heterocyclic compounds. 
Group 11, claims 1, 2. 5-8, 13-19 and 21-24, drawn to pyrrolidine compounds. 

The inventions lifted as Groups I and II do not relate to a single tnvemive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: The 
eofflpounds of inventions 1 and II are drawn to structurally dissimilar compounds. They aro made and used 
independently. They are independent. If, lay, invention of Group 1, the mixed heleroeyelac compounds, were 
aniaeipated, applicants would not aequiesee in objection of Group II compounds there over or vicc-veru. They 
inventiona of Groups 1 and II aro distinct. 
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